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1.0 INTRODUCTION 

Rev. 1 

4/21/00 

Tetra Tech NUS, Inc. (TtNUS) has prepared this Work Plan for the completion of a site assessment and 

submittal of a Site Assessmer:'t Report (SAR) for Buildings 358, 425, and 436 at Naval Station (NS) 

Mayport, Duval County, Florida. This Work Plan was prepared for the U.S. Navy (Navy) Southern 

Division (SOUTHDIV) Naval Facilities Engineering Command (NAVFACENGCOM) under Contract Task 

Order (CTO) 0123, for the Comprehensive Long-term Environmental Action Navy (CLEAN III) Contract 

Number N62467 -94-0-0888. 

The Work Plan provides the rationale for performing field activities associated with collecting data to 

evaluate petroleum hydrocarbons in the subsurface at Buildings 358, 425, and 436 at NS Mayport. Data 

collected during the investigation at Buildings 358, 425, and 436 will be used to prepare a SAR for each 

location. 

1.1 GENERAL SITE LOCATION 

NS Mayport is located in eastern Duval County, approximately 16 miles northeast of downtown 

Jacksonville, Florida. NS Mayport is located in Section 38 of Township 1 South. Range 29 East. A 

base location map that shows its general location on the Mayport. Florida United States Geological 

Survey (USGS) Quadrangle (7.5 Minute Series) is provided as Figure 1-1. Buildings 358. 425. and 436 

are depicted on the site location map. presented as Figure 1-2. 

1.2 OBJECTIVE 

The objective of the proposed field investigation at each site is to evaluate the presence or absence of 

petroleum hydrocarbons in subsurface soils and groundwater. The data collected during the 

investigations will be used to prepare a SAR for each location and to evaluate the need for a remedial 

action at the facility. 

TtNUS/DFB-OO-101/050613.2 1-1 eTO 0123 
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4/21/00 

The three source areas are located at differen : locations within the boundaries of NS Mayport. Building 

358 is located at the Fleet Training Center on I he northeastern edge of the base, Building 425 is located 

at the Bachelors Officers Quarters on the eas tern edge of the base, and Building 436 is the Naval Air 

Station transmitter on the northwestern comer of the base. The assessment areas are located adjacent 

to the three buildings within the confines of tt e NS Mayport. Building 358 is the former location of a 

10,000 aboveground storage tank (AST) and a 500-gallon gasoline underground storage tank (UST). 

Building 425 is the location of a 1,OOO-galion AST used to store heating oil, and Building 436 is the 

location of a 1,OOO-galion fuel oil AST. 

TtNUS/DFB-00-101/0506/3.2 2-1 eTO 0123 
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During the removal of the AST and UST at Building 358, petroleum impacted soil was encountered in the 

vicinity of the tanks. Soils were screened around the tanks with an Organic Vapor Analyzer (OVA) and 

showed elevated hydrocarbon vapors. However, laboratory analysis of the soil samples did not confirm 

the presence of petroleum impacted soils at concentrations above Florida Department of Environmental 

Protection (FDEP) target levels. The contractor did not delineate the impacted soil plume and removed 

only the soil incidental to the tank removal. 

Building 425, located at the Bachelors Officer's Quarters, was the site of two releases. The first release 

occurred when the piping from a 1,000-gallon heating oil AST was ruptured by a utility contractor. The 

release occurred approximately 50 feet north of Building 425 and approximately 500 gallons of heating oil 

was reportedly released. Initial remedial actions were implemented immediately and approximately 65 

cubic yards of soil was removed from the source area. The area was screened with an OVA to delineate 

the extent of petroleum impacted soils. Groundwater samples were not collected, however free product 

was collected at the bottom of the excavation. The second release at Building 425 occurred due to the 

failure of a float valve that caused heating oil to reverse flow direction and discharge along the western 

edge of Building 425, close to the foundation. Approximately 60 cubic yards of hydrocarbon impacted soil 

was removed during the initial remedial action. However, due to the proximity to the foundation of the 

building, all impacted soil was not removed. Laboratory analysis of the soil confirmed the presence of 

volatile organiC aromatics (VOAs) above FDEP target levels. 

Building 436 is the location of a 1,000-gallon fuel oil AST. During installation of the tank, a disconnection 

occurred in the piping system, which caused the release of heating fuel to an area along the southern 

edge of the building foundation. An unknown quantity of impacted soil was removed from the source 

area. The area in the vicinity of the release was screened with an OVA and hydrocarbon vapors were not 

detected. 

TtNUS/DFB-00-101/0506/3.2 3-1 eTC 0123 
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Rev. 1 
4/21/00 

The proposed scope of work for assessment activities at Buildings 358, 425 and 436 will take place in two 

phases. Phase I will consist of installing direct-push technology (OPT) borings and analysis of soil and 

groundwater samples with a mobile laboratory to identify and delineate soil and groundwater 

contamination. Fieldwork for all three sites will be coordinated to reduce the number of mobilizations. 

Following the installation of the OPT borings and a preliminary delineation of the groundwater plume, the 

FOEP and SOUTHOIV will be notified of investigation results and recommendations will be made for the 

Phase II assessment. Phase II will consist of installation of monitoring wells to further delineate the extent 

of groundwater contamination at the sites. Hollow-stem auger (HSA) drilling equipment will be utilized to 

install the groundwater monitoring wells. Groundwater samples will be collected subsequent to monitoring 

well installation. Using a fixed-based laboratory, the samples will be analyzed to determine the extent of 

the dissolved phase groundwater contamination. 

4.1 SOIL INVESTIGATION 

The hydrocarbon soil contamination assessment will be conducted during the Phase I OPT borings. At 

each site, three soil samples will be collected for analYSis by a fixed based laboratory. Vadose zone soils 

will be screened for hydrocarbon vapors following procedures for heads pace analysis as required by 

Chapter 62-770.200 FAC. A total of 15 OPT borings will be installed in each assessment area at Buildings 

358 and 436, and 25 OPT borings will be installed at Building 425 due to the presence of two source 

areas. The approximate proposed locations of the OPT borings are depicted on Figures 4-1 through 4-4. 

Soil samples sent to a fixed-based laboratory will be analyzed for constituents of the Kerosene Analytical 

Group (KAG), as defined in Chapter 62-770, FAC. Soil samples for Buildings 425 and 436 will also be 

analyzed for Waste Oil constituents. In addition, three soil samples will be analyzed for total organic 

carbon and one soil sample will be analyzed for grain size distribution and leachability parameters. 

TtNUS/DFB-OO-1 01/0506/3.2 4-1 eTO 0123 
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The methodology for soil sampling will follow the revised procedures promulgated by the United States 

Environmental Protection Agency (USEPA) in Update III of SW-846 for sites contaminated with volatile 

organic compounds (VOCs). EnCore™ samplers will be used for soil collection and to transfer soil 

samples to the laboratory. This method assures the lowest loss of volatiles during collection and shipment 

of soils. In order for the laboratory to analyze for low level and high level VOCs, five EnCore™ samplers 

will be filled for each soil boring location. In addition, one 4-ounce jar with be filled for each soil boring 

location for analysis of moisture content. All soil samples will be shipped to the laboratory on the same 

day as collection to assure that the 48-hour holding time is not exceeded. 

The on-site geologist will maintain a completed log of each boring. At a minimum, the boring log will 

contain the following information: 

• Sample Numbers and Types 

• Sample Depths 

• Sample Recovery/Sample Interval 

• Soil Density or Cohesiveness 

• Soil Color 

• Unified Soil Classification System (USCS) Material Description 

• Presence of Free Product (if applicable) 

• Filtered / Unfiltered OVA Readings 

The site's lithology will be assessed from soil samples collected during the installation of the monitoring 

wells. 

4.2 GROUNDWATER INVESTIGATION 

It is anticipated that one upgradient, two downgradient, and one source area well will be installed to 

delineate the dissolved hydrocarbon plumes at each of the sites. Four additional wells will be installed at 

Building 425 due to the presence of two source areas. A vertical extent well will also be installed near the 

source area at each of the sites. The shallow water table monitOring wells will be installed approximately 

15 feet below land surface (bls) and the vertical extent monitoring wells will be installed approximately 30 

feet bls. The wells will be required to assess the horizontal and vertical extent of dissolved hydrocarbons 

at the three sites. The proposed monitoring well locations will be determined based on groundwater and 

TtNUS/DFB-00-101/050613.2 4-6 eTO 0123 
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soil quality data collected from the OPT borings during Phase I. The proposed locations for monitoring 

wells will be discussed with the Navy and FOEP prior to the field investigation. Modifications to the 

proposed locations may be necessary due to underground and aboveground utilities. 

4.2.1 Monitoring Well Installation 

Permanent monitoring wells will be installed using hollow stem auger drilling techniques. These wells will 

be used to monitor water quality and evaluate the horizontal and vertical extent of contamination. 

Monitoring wells will be constructed of 2-inch inside diameter (10) Schedule 40, flush-joint poly vinyl 

chloride (PVC) riser and flush-joint factory slotted well screen. Each section of casing and screen shall be 

National Sanitation Foundation (NSF) approved. Screen slot size shall be 0.01 inch. The shallow 

monitoring wells will be constructed with 10 feet of screen with the top of the screen interval positioned 

approximately 4 feet above the water table. The vertical extent monitoring well will be constructed with 5 

feet of screen with the top of the screen interval pOSitioned approximately 10 to 15 feet below the bottom 

of the shallow wells. After the borings are drilled to the desired depth, (6-inch minimum diameter boring 

for 2-inch 10 wells), the well will be installed through the augers. 

The lithology has been sufficiently characterized from previous investigations at NS Mayport. Therefore, a 

sieve analysis of the soils is not needed in determining the type of sand pack and screen slot size for well 

completion. Clean silica sand of U.S Standard Sieve Size No. 20/30 will be installed into the boring 

annulus around the well screen as the augers are withdrawn from the boring. Due to the expected 

shallow depths of the monitOring wells, (less than 15 feet), it is proposed that the sand pack be poured 

around the annulus from the top of the hole. The sand pack will be set from the bottom of the hole to 

approximately 1 foot above the top of the well screen. A minimum 1-foot thick bentonite pellet or fine sand 

seal will be installed above the sand pack. Borings that are not converted to monitoring wells will be 

backfilled with a Type I Portland cement/bentonite grout. The depths of all backfill materials will be 

constantly monitored during the well installation process by means of a weighted stainless steel or 

fiberglass tape. The position of the top of the screen interval, sand pack and bentonite seal may be 

adjusted as site conditions warrant (elevated water table, etc.) 

Flush mounted steel well covers and manholes will be installed around the 2-inch 10 wells. The manhole 

will consist of flush mounted 22-gauge steel, water resistant, welded box with 3/8-inch steel lid. A 2-foot 

by 2-foot by 6-inch thick concrete apron will be constructed around the manhole. The manhole shall be 

completed 2 inches above existing grade and the apron tapered to be flush with the existing grade at the 

TtNUS/OFB-00-101/050613.2 4-7 eTO 0123 
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edges such that water will run off of the apron. A detail of a typical flush-mounted well is shown on Figure 

4-5. 

All locks supplied for the wells will be keyed alike. After installation, the ground surface, and the top of the 

PVC riser pipe will be surveyed to within 0.01-foot vertical accuracy using datum pOints as discussed 

previously in Section 4.0. A monitor well construction diagram will be completed for each well installed. A 

sample of the monitoring well construction form is provided in Appendix A. 

The monitoring wells will be developed no sooner than 24 hours after installation to remove fine material 

from around the monitored interval of the well. Wells will be developed by bailing and surging, or by 
I 

pumping, as determined by the field geologist. The pH, temperature, specific conductance, and turbidity 

measurements will be collected from the purge water. Wells will be developed up to a maximum of one 

hour or until these measurements become stable and the purge water is visibly clear. Water quality 

stabilization will be determined using the following criteria: temperature (+1-0.50c), pH (+1-0.1 unit), specific 

conductivity (+1-10 umhos/cm), and turbidity (within a 10 Nepelometric Turbidity Unit (NTU) range for 2 

consecutive readings). Wells will be developed until approved by the field geologist. 

4.2.2 Groundwater Sampling 

Following installation of the monitoring wells, groundwater samples will be collected for analysis for KAG 

and Waste Oil constituents. In addition the samples will be field screened for dissolved oxygen, carbon 

dioxide, and ferrous iron. Laboratory analysis for nitrate, sulfate, sulfide and methane will also be 

performed on samples from selected monitoring wells. 

Groundwater samples will be obtained from assessment monitoring wells at Buildings 358, 425 and 436 in 

accordance with TtNUS' Comprehensive Quality Assurance Plan (CompQAP) (FDEP Comp QA Plan No. 

980038). Prior to obtaining samples, water levels and total well depths will be measured and the wells will 

be purged using a peristaltic pump and a low flow quiescent purging 

TtNUSIOFB-00-101/050613.2 4-8 eTO 0123 



L 
L 
L 
L 
L 
L 
L 
L 
L 

L 

L 
L 

L 

L 

L 

L 

L 

l 
L 

DRAWN BY 
LLK 

STATIC WATER TABLE 

20L3O SlUCA SAND 
(2.5'-13.0') 

CHECKED BY 

TtNUSIDFB-OO-101J050613.2 

s: \CADD\WELCON\OO33COOI 

24- SQUARE 
MIN. 

2- SCHEDULE 40 PVC 
SOlID RISER (0-3') 

8-' BOREHOLE 

2- ~EDULE 40 PVC SCREEN 
0.01 HORIZONTAL SLOT 

'" ~~ FLUSH THREADED JOINT(S) 

~~-- SILT TRAP /BOTTOM CAP 

TYPICAL MONITORING YtUL DESIGN 
U.s. NAVAL STATION 
MAYPORT, FLORIDA 

4-9 

CONTRACT NO. 
0506 

APPROVED BY 

APPROVED BY 

DRAWING NO. 
FIGURE 4-5 

DATE 

DATE 

eTO 0123 



L 

L 

L 

L 
L 

L 
L 
L 
L 

L 
L 

L 

L 

l 
l 
l 
l 
L 

l 

Rev. 1 
4/21/00 

technique. Three to five well volumes will be purged. If wells are purged dry with less than three well 

volumes removed, the water level in the well will be allowed to recover at least 80 percent, then a sample 

will be collected. Field measurements of pH, temperature, specific conductance, and turbidity will be 

taken after each volume of water is purged. Stabilization of the above parameters is defined in the 

previous paragraphs. If these parameters do not stabilize after three volumes, up to five volumes will be 

removed. Before purging, a clear bailer or an oil water interface probe will be used to check for free 

product. No samples will be collected from a well that exhibits measurable free product. The thickness of 

the free product will be measured and recorded. Samples will be obtained using a peristaltic pump and a 

low flow quiescent sampling technique. The samples will be transferred directly into the appropriate (pre

preserved) sample bottles for analysis. Samples to be analyzed for volatile constituents shall be taken 

first and immediately sealed in the vial so that no headspace exists. The sample constituents to be 

analyzed are summarized in Table 4-1. 

TtNUS/DFB-OO-1 01 10506/3.2 4-10 eTO 0123 
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Table 4-1 

Field Investigation Environmental Sample Summary 
Buildings 358, 425 & 436 

Naval Station 

Mayport, Florida 

Analyte Proposed Env. Rinsate lOW Trip Blanks 
Method (1) Samples Blanks Samples(2) (Aqueous) 

GROUNDWATER 

PPL-VOC, Non SW-846 22 1 1 1 
PPL-VOC 8260B 

PPL-SVOC SW-846 22 1 1 0 
8270C 

PAH SW-8468310 22 1 1 0 

LEAD EPA 239.2 '22 1 1 0 

TRPH FL-PRO 22 1 1 0 

EDB EPA 504.1 22 1 1 0 

Anions EPA 300 3 1 0 0 

Sulfide EPA 376.2 3 1 0 0 

Methane RSK SOPs 3 1 0 0 

147 and 175 

SOIL 
PPL-VOC SW-846 9 0 1 0 

8260B 

PPL-SVOC SW8468270C 9 0 1 0 

PAH SW-8468310 9 0 1 0 

TRPH FL-PRO 9 0 1 0 

Total Lead SW-846. 6 0 1 0 
60108 

Ar. Cd and Cr SW-846. 6 0 1 0 
60108 

8 RCRA Metals SW-846 0 0 1 0 
60108 

Total Halogens SW-846 0 0 1 0 
(TOX) 505010956 

Total Organic ASTM 02974- 9 0 0 0 
Carbon (FCC) 87 

Grain size ASTM 0422 3 0 0 0 
distribution 

Leachability SW846-1312 3 0 1 0 
including 
80218.8310. 

TOTAL 204 9 15 1 

Notes on following page. 

TtNUS/DFB-00-1 0 110506/3.2 4-11 

10 

10 

10 

10 

7 

7 

1 

1 

9 

3 

4 

Rev. 1 
4/21/00 

Total 
Samples 

25 

24 

24 

24 

24 

24 

4 

4 

4 

229 
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Notes: 

(1) Method referenced reflects FOEP requirements. 

(2) lOW sample numbers based upon disposing of ten 55-gallon drums (1 composite sample) 

liquid and ten 55-gaUon drums (1 composite sample) of soil. 

All analyses are analyzed using standard 30-day laboratory turn around time. 

4.2.3 Groundwater Level Measurements 

Rev. 1 
4/21/00 

Synoptic water level measurements will be taken from aU monitoring wells at the sites. Static water level 

measurements will be measured from the north rim of the top of the PVC riser pipe using an electronic 

water level indicator. The newly installed wells shall be notched and marked so that the same point will be 

referenced for all measurements. The depth to water will be measured to the nearest 0.01 foot below the 

top of the PVC riser pipe. Water level measurements will be recorded to the nearest 0.01 foot in the 

appropriate field logbook. 

4.3 AQUIFER TESTS 

TtNUS will utilize existing groundwater data from previous aquifer tests performed at the base to 

determine hydraulic conductivity values of the aquifer at the three sites. 

4.4 EQUIPMENT DECONTAMINATION 

The equipment involved in field sampling activities will be decontaminated prior to and during drilling and 

sampling activities in accordance with TtNUS's Standard Operating Procedures (SOP) and CompQAP. 

This equipment includes drill rigs, downhole tools, augers, well caSing and screens, and soil and water 

sampling eqUipment. 

4.4.1 Malor Equipment 

All downhole drilling equipment used in the construction and sampling of permanent monitoring wells, 

including downhole drill and sampling tools shall be steam cleaned prior to beginning work, between 

boreholes, any time the drill rig leaves the drill site prior to completing a boring, and at the conclusion of 

the drill program. 
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These decontamination operations will consist of washing equipment using a high-pressure steam wash 

from a potable water supply and Alconox. Then the equipment will be rinsed with tap water. All 

decontamination activities will take place at a predetermined location. Additional requirements for drilling 

equipment decontamination can be found in SOP SA-7.1 included in Appendix B. 

4.4.2 Sampling Equipment 

All equipment such as trowels, bailers, and split spoon samplers used for collecting samples will be 

decontaminated prior to beginning field sampling and between sample locations. The following 

decontamination steps will be taken: 

• Tap water and Alconox or Liquinox detergent rinse. 

• Tap water rinse. 

• If trace metals are to be sampled rinse with 10-15% reagent grade nitric acid (the nitric acid 

should not be used on stainless steel sampling equipment). 

• Rinse thoroughly with de-ionized, analyte-free water. 

• Rinse with isopropanol 

• Rinse thoroughly with de-ionized, analyte-free water 

• Air dry. 

• Wrap eqUipment in aluminum foil until use. 

Field meters such as pH, conductivity, and temperature instrument probes will be rinsed first with tap 

water, then with de-ionized, analyte-free water, and finally with the sample liquid. 

4.5 WASTE HANDLING 

Drill cuttings from drilling activities and purge water will be collected and containerized in Department of 

Transportation (DOT) approved (Specification 17C) 55-gallon drums. Each drum will be sealed, labeled 

and left at a drum staging area pending groundwater analytical results and/or composite waste sample 

results for disposal. A waste staging area will be established at the site to store investigative-derived 

waste (lOW) generated during the site assessment investigation. A lined decontamination pad will be 

constructed and used to collect the water from steam cleaning of drilling equipment. All decontamination 
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materials generated during the site investigation will be containerized for proper disposal. The disposal of 

lOW will be coordinated through NS Mayport. 

4.6 SAMPLE HANDLING 

Sample handling includes the field-related consideration concerning the selection of sample containers, 

preservatives, allowable holding times, and analysis requested. In addition, sample identification, 

packaging, and shipping will be addressed. All sample handling procedures will be in accordance with 

TtNUS's FOEP approved CompQAP No. 980038 dated August 25,1999. 

4.7 SAMPLE PACKAGING AND SHIPPING 

Samples will be packaged and shipped in accordance with TtNUS' CompQAP. The field operations leader 

(FOL) will be responsible for completion of the following forms when samples are collected for shipping: 

• Sample labels 

• Chain-of-Custody labels 

• Appropriate labels applied to shipping coolers 

• Chain-of Custody Forms 

• Federal Express Air Bills 

TtNUS' CompQAP addresses the topics of containers and sample preservations. A summary of 

bottleware requirements, preservation requirements, and sample holding times are provided in 

Table 4-2. 
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Parameter 

Aqueous Samples 

VOHs, VOAs, and MTBE 

1,2-Dibromomethane 

PAHs 

Lead (Total and 
dissolved) 

Arsenic, Cadmium, & 
Chromium 

Anions (Nitrate & Sulfate 

Methane 

Sulfide 

TRPH 

Table 4-2 

Summary of Analysis, Boltleware Requirements, Preservation Requirements, and Holding Times 

Naval Station Mayport, Florida 

Analytical 

Method 

SW-846 Method 8021 B 

EPA Method 504.1 

SW-846 Method 8310 

EPA Method 239.2 

SW-8466010B 

SW-8469056 

RSK SOPs 147 and 175 

EPA 376.2 

FL-PRO 

Sample 

Container 

Glass Volatile Vial 

Glass Volatile Vial 

Amber Glass 

High Density 
Polyethylene 

High Density 
Polyethylene 

High Density 
Polyethylene 

Glass Volatile Vial 

High Density 
Polyethylene 

Glass 

2 x 40 ml 

40ml 

1 L 

500ml 

250ml 

500ml 

40ml 

1 L 

1L 

H2S04 - Sulfuric acid 

HCI - Hydrochloric acid 

Preservation 

Add HCI to pH < 2; Chill to 4 
degrees Celsius 

Add HCI to pH < 2; Chill to 4 
degrees Celsius 

Add .008% Na2S203;Chill to 4 
degrees Celsius 

Chill to 4 degrees Celsius 

HN03 

Chill to 4 degrees Celsius 

Chill to 4 degrees Celsius 

NaOH 

Add H2S04 to pH <2; Chill to 4 
degrees Celsius 

Rev. 1 
4/21/00 

Maximum 

Holding Time (1) 

14 days 

28 days 

7 days until extraction; 40 days to 
analysis 

180 days 

180 days 

48 hours 

7 days 

7 days 

28 days 

VOHs - Volatile Organic Halocarbons 

VOAs - Volatile Organic Aromatics 

MTBE - Methyl-tert-butyl-ether (1) - Holding time is measured from date of sample collection to date of sample analysis. 

PAHs - Polynuclear Aromatic Hydrocarbons 

TRPH - Total Recoverable Petroleum Hydrocarbons 

RCRA - Resource Conservation and Recovery Act 

TtNUSIDFB-00-101/050613.2 4-15 eTO 0123 
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Summary of Analysis, Bottleware Requirements, Preservation Requirements, and Holding Times 

Naval Station Mayport, Florida 

Parameter 

Solid Samples 

VOHs, VOAs, and MTBE 

RCRA Metals 

TRPH 

PAHs 

Total Halides 

Analytical 

Method 

SW-846 Method 8021 B 

SW-846 Method 6010BnOOOA 
series 

FL-PRO 

SW-846 Method 8310 

SW-846 Method 5050/9056 

VOAs - Volatile Organic Aromatics 

VOHs - Volatile Organic Halocarbons 

MTBE - Methyl-tert-butyl-ether 

Sample 

Container 

EnCore Sampler 

Clear Wide Mouth 
Glass 

Clear Wide Mouth 
Glass 

Clear Wide Mouth 
Glass 

Clear Wide Mouth 
Glass 

5 x 5g 

4 ounces 

4 ounces 

8 ounces 

500ml 

H2S04 - Sulfuric acid 

HCI - Hydrochloric acid 

(1) - Holding time is measured from date of sample collection to date of sample 
analysis. 

PAHs - Polynuclear Aromatic Hydrocarbons 

TRPH - Total Recoverable Petroleum Hydrocarbons 

RCRA - Resource Conservation and Recovery Act 

TtNUSIDFB-00-101/050613.2 4-16 

Chill to 4 degrees Celsius; Lab to 
preserve within 48 hours of 

samples (2) 

Chill to 4 degrees Celsius 

Chill to 4 degrees Celsius 

Chill to 4 degrees Celsius 

Chill to 4 degrees Celsius 

eTO 0123 

Maximum 

Holding Time 

14 days 

180 days; except mercury 28 days 

28 days 

14 days to extraction;40 days to analysis 

28 days 
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4.8 SAMPLE IDENTIFICATION 
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Each sample collected will be assigned a unique sample tracking number. The sample tracking number 

will consist of a three-segment, alpha-numeric code that identifies the building number (the Site), sample 

medium, location, the sampling event identifier or sample depth (in case of soil samples) and the ac 

designation, if applicable. Any other pertinent information regarding sample identification will be recorded 

in the field logbook. 

The alpha-numeric coding to be used in the sample system is explained in the subsequent definitions: 

NN (N or A - (Building Designation) 

AA- (Medium) 

AANN - (Location) 

NNN (N)- (aC Designation, if applicable) 

Character Type: 

Medium: 

A = Alpha 

N = Numeric 

GW = Groundwater sample form a monitoring well 

SS = Subsurface soil sample taken via soil boring 

TW = Temporary well groundwater sample 

Sample Location: 

Subsurface soil sample locations (SS) will correspond to the bOring number (Le., SB02) 

Groundwater sample locations (GW) will correspond to the well number (i.e., 58-1) 
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Temporary well groundwater sample locations (TW) will correspond to the temporary well number (i.e., 

58-TW1) 

Sample Identifier: 

For soil samples = Sample depth interval, in feet 

For groundwater = Sampling round 

QA Sample Designation: 

D = Duplicate 

F = Field Blank 

B = Equipment Rinsate Blank 

T = Trip Blank 

For example, a groundwater sample collected from monitoring well MW-01 at Building 1360 UST would 

be designated as 1360-GW-MW01-001. 

A duplicate sample from that same well would be 1360-GW-MW01-001D. 

A subsurface soil sample taken from Monitoring Well BOring 01 at Building 1360 UST, at a depth of 4 to 6 

feet bls would be 1360-SS-MW01-0406. 

Information regarding sample labels to be attached before shipment to a laboratory is contained SOP SA-

6.3 included in Appendix B. Examples of sample labels, chain of custody seals, and chain-of-custody 

forms are included in Appendix B. 

4.9 SAMPLE CUSTODY 

TtNUS/DFB-00-101/0506/3.2 4-18 CTO 0123 

I 



L 

L 
L 
L 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

Rev. 1 

4/21/00 

The chain-of-custody begins with the release of the sample bottles from the laboratory and must be 

documented and maintained from that point forward. To maintain custody of the sample bottles or 

samples, they must be in someone's physical possession, in a locked room or vehicle, or sealed with an 

intact custody seal. When the possession of the bottles or samples is transferred from one person to 

another it will be documented on the field logbook and on the chain-of-custody. 

4.10 QUALITY CONTROL (QC) SAMPLES 

In addition to periodic calibration of field equipment and appropriate documentation, quality control (QC) 

samples will be collected or generated during environmental sampling activities. QC samples may 

include field blanks, field duplicates, field replicates, and trip blanks. Each type of field QC sample is 

defined as follows: 

Rinsate Blank - Rinsate blanks are obtained under representative field conditions by running organic free 

water through sample collection equipment (bailer, split-spoon, etc.) after decontamination and placing it 

in the appropriate containers for analysis. Rinsate blanks will be used to assess the effectiveness of 

decontamination procedures. If necessary, rinsate blanks may be collected for each type of non

dedicated sampling equipment used and will be submitted as shown in Table 4-1. 

Field Duplicate - Field duplicate(s) are two water samples collected independently at a sample location 

during a Single act of sampling under representative field conditions. Field duplicates sample frequencies 

are provided in Table 4-3. If necessary, the duplicates shall be analyzed for the same parameters in the 

laboratory as indicated in Table 4-1. 

Trip Blanks - Trip blank(s) will be prepared at the laboratory facility and will accompany the VOA vials to 

the sampling site and back to the laboratory. Trip blanks are not required by the FDEP unless 10 or 

more volatiles samples are collected during a given sampling event. Trip blank sample frequency are 

provided in Table 4-3 
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No. 

Samples 

10+ 

5-9 

<5 

NR = Not required 

BLK = Blank 

TABLE 4-3 

Quality Control Sample Frequency 

Naval Station, Mayport, Florida 

Precleaned Field cleaned Trip BLK 

Equipment BLK Equipment BLK (VOCs) 

Minimum of Minimum of one 

one one per 

then 5% then 5% cooler 

one* one* NR 

one* one* NR 

Duplicate 

minimum 

one 

then 10% 

one 

NR 

Rev. 1 

4/21/00 

* Note: For 9 or fewer samples, a precleaned equipment blank or a field cleaned equipment blank is 
required. A field cleaned equipment blank must be collected if equipment is cleaned in the 
field. 

4.11 FIELD MEASUREMENTS 

Certain field measurements will be recorded during sampling activities including groundwater 

temperature, pH, specific conductance, and turbidity. Instruments used in the field to record this data 

and additional instruments will be calibrated according to the procedures described below. 

4.11.1 

• 
• 

• 
• 
• 
• 

Parameters 

Air monitoring - OVA 

Temperature - Temperature probe 

Specific conductance - Specific conductance meter 

pH - pH meter 

Turbidity - Turbidity meter 

Depth to water table - interface probe 
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4.11.2 Equipment Calibration 
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The electronic water-level indicator will be calibrated prior to mobilization and periodically at the discretion 

of the FOL. The remaining instruments will be calibrated daily and/or according to the manufacturer's 

operation manual. 

Calibration will be documented on an Equipment Calibration Log as shown in Appendix A. During 

calibration, an appropriate maintenance check will be performed on each piece of equipment. If 

damaged or defective parts are identified during the maintenance check and it is determined that the 

damage could have an impact on the instrument's performance, the instrument will be removed from 

service until defective parts are repaired or replaced. 

4.11.3 Equipment Maintenance 

Measuring equipment used in environmental monitoring or analysis and test equipment used for 

calibration and maintenance shall be controlled by established procedures. Measuring eqUipment shall 

have an initial calibration and shall be recalibrated at scheduled intervals against certified standards. 

TtNUS maintains a large inventory of sampling and measurement eqUipment. In the event that failed 

equipment cannot be repaired replacement equipment can be shipped to the site by overnight express 

carrier to minimize downtime. 

4.12 RECORD KEEPING 

In addition to chain-of-custody records associated with sample handling and packaging and shipping, 
I 

certain standard forms will be completed for sample description and documentation. These shall include 

sample log sheets (for soil and groundwater samples), daily activity record and logbooks. An example of 

these forms can be found in Appendix A. 

A bound/weatherproof field notebook shall be maintained by each sampling event leader. The field team 

leader or designee, shall record all information related to sampling or field activities. This information 
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may include sampling time, weather conditions, unusual events (e.g., well tampering), field 

measurements, descriptions of photographs, etc. 

A site logbook shall be maintained by the FOL. The requirements of the logbook are referenced in 

Appendix B. This book will contain a summary of the day's activities and will reference the field 

notebooks when applicable. 

Each field team leader who is supervising a drilling subcontractor activity must complete a Daily Activities 

Record (DAR). The DAR documents the activities and progress of the daily drilling activities. The 

information contained within this report is used for billing verification and progress reports. The driller's 

signature is required at the end of each working day to verify work accomplished, hour's worked, standby 

time and material used. An example of this form is provided in Appendix A. 

At the completion of field activities, the FOL shall submit to the Project Manager all field records. data, 

field notebooks, logbooks, chain-of-custody receipts, sample log sheets, drilling logs, daily logs, etc. 

4.13 SITE MANAGEMENT AND BASE SUPPORT 

TtNUS will perform this project with support from the Navy. This section of the Work Plan describes the 

project contacts, support personnel, project milestones and time frames of all major events. 

Throughout the duration of the investigation activities, work at NS Mayport be coordinated through 

SOUTHDIV and NS Mayport personnel. The primary contacts are as follows: 

1. SOUTHDIV Engineer in Charge 

Ms. Beverly Washington 

(843) 820-5581 

2. NS Mayport Engineering Officers 

Mr. Jan Bouvier 

(904) 270-6730 
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The following support functions will be provided by NS Mayport personnel: 
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• Assist TtNUS in locating underground utilities prior to the commencement of drilling operations. 

• Provide existing engineering plans, drawings, diagram, files, etc., to facilitate evaluation of the 

Site under investigation. 

• Provide all historical data, background geological and hydrogeological information, and initial site 

investigation documents. 

NS Mayport personnel will aid in arranging the following: 

• Personnel identification badges, vehicle passes, and/or entry permits. 

• A secure staging area (approximately 1,000 square feet) for storing equipment and supplies. 

• A supply (e.g., fire hydrant, stand pipe, etc.) of large quantities of potable water for eqUipment 

cleaning etc. 

• As required, provide escorts for contract personnel working in secured areas. 

• Establish a decontamination area and waste staging area located adjacent to or near the study 

area. 

The project will be staffed with personnel from TtNUS' Deerfield Beach and JacksonVille, Florida offices. 

During field activities, TtNUS will provide a senior level geologist and/or staff geologist, and equipment 

technician(s}. 

Mr. Rick Of sanko, is the Task Order Manager (TOM) for eTO 0123 and will be the primary point of 

contact. He is responsible for cost and schedule control as well as technical performance. Mr. Of sanko 
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will serve as the TOM and will provide senior level review and oversight during field activities. Mr. 

Ofsanko will be the primary pOint of contact for the FOL. 

4.13.1 Contingency Plan 

In the event of problems that may be encountered during site activities, the SOUTHDIV pOint of contact 

will be notified immediately, followed by the TtNUS project manager and the NS Mayport personnel point 

of contact. The project manger will determine a course of action that will not interfere with the schedule 

or budget. All contingency plans will be approved through the SOUTHDIV pOint of contact before being 

enacted. 
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5.0 PROPOSED LASORA TORY ANALYSIS 
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Groundwater samples and soil samples collected for laboratory analyses will be analyzed in accordance 

with parameters as identified in Chapter 62-770.800 (see Sections 5.1 and Section 5.2 below for specific 

sampling requirements regarding soil and groundwater). 

5.1 SOIL INVESTIGATION 

Three soil samples will be collected from each site and analyzed for VOC, Semi-Volatile Organic 

Compounds (SVOCs), Polynuclear Aromatic Hydrocarbons (PAHs), Total Recoverable Petroleum 

Hydrocarbons (TRPH) and Fraction of Organic Carbon (FOC). In addition three samples will be collected 

from Building 425 and 436 for total Lead, Arsenic, Cadmium and Chromium. Three samples, one from 

each site, will be analyzed for leachability parameters and grain size distribution. Parameters within these 

groups are identified on Table 4-1. The soil samples will be collected from the area of highest 

contamination within the soil boring as indicated by OVA screening. 

5.2 GROUNDWATER INVESTIGATION 

Groundwater samples will be collected from permanent monitoring wells at Buildings 358, 425 and 436. 

These samples will be analyzed for VOCs, SVOC, PAHs, Ethylene Oibromide (EOB), TRPH, Total Lead, 

Arsen:c, Cadmium and Chromium. In addition, groundwater samples from each site will be analyzed for 

natural attenuation parameters, which include dissolved methane, anions, and sulfide. 

A groundwater environmental sampling summary and a summary of lOW sample parameters are 

summarized in Table 4-1. 
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6.0 PROPOSED SCHEDULE 
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The assessment activities are proposed to begin in May 2000 and take approximately two months to 

complete the fieldwork. The SAR will be developed with the completion of the assessment activities and 

submitted to the Navy for review within 60 days of assessment completion. 
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7.0 REPORTS 
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Upon completion of all field work and laboratory analysis, a SAR will be written for each facility that 

summarizes the results of the investigation for submittal to the FDEP and the Navy. Basic site 

information including site Facility Identification Number, facility name and address, date closed, area, 

type of system and capacity will be provided. Also included in these reports will be graphical 

presentations of the groundwater screening results, and complete summaries of the soil and groundwater 

analytical results. The locations of the soil samples and monitoring wells will be presented on scaled 

figures. Boring logs, chain-of-custody forms, field forms, field screening results, and analytical reports 

will be included in Appendices of the reports. The SARs will recommend the completion of a remedial 

action plan, monitoring only plan, or no further action for each facility. 
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Florida Department of Environmental Protection, July 15, 1998. New Soil Sampling Procedures and 

Recommended EPA Analytical Methods (per changes to USEPA SW-846) and Other Quality Assurance 

Issues for the Division of Waste Management. 

Tetra Tech NUS, Inc., 1999 Revision. Comprehensive Quality Assurance Plan, FDEP COMP QA PLAN 

# 980038. 
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FIELD ANALYTICAL LOG SHEET 

GEOCHEMICAL PARAMETERS 
Ten Tech NUS Inc. 

Project Site Name: Sample 10 No.: 

Project No.: Sample Location: 

Sampled B~: Duplicate: 0 
Field Anal~st: Blank: 0 
Field Form Checked as per OA/OC Checklist (Initials): I I 

SAMPUNG DATA: 

Dlte: Color pH S.C. Tlmp. Turbidity . 

TIme: (Visual) (S.U.) (mS/em) (lC) (NTU) 

Method: 
SAMPLE COLLl!CTION/ANAL YalS INFORMA nON: 

ORP (Eh) (+1- mv): Electrode Make & Model: 

PAGE 1 

Page of 

DO Salinity Other 

(mcII) (Il 

Reference Electrode (drde one): SIlYeroSllYer Chloride I Calomel ( Hydrogen 

Dissolved Oxygen: 

Equipment: HACH Digital Titrator OX-DT CHEMetrics (Range: __ mgll) Analysis Time: 

Range Used: Range Sample Vol. Cartridge Multiplier TitraUon Count Multiplier Concentration 

[ ] 1-5 mg/L 200ml 0.200 N 0.01 x 0.01 = mgll 

0_ 2-10 mgIL 100 ml 0.200 N 0.02 x 0.02 .. mgIl 

CHEMetrics: mgIL 

Notes: 

Alkalinity: Analysil TIme: 

Eq~nt HACH Digitll Tltrator AL·OT CHEMetrica (Renge: __ mglL) FAtered: 0 
Range Used: Range Isample Vol. ICartridge I Mumpler TltraUon Count Multiplier I Concentration 

D' 10-«1 mgIl 100 mI 0.1600N 0.1 & x 0.1 • mgIL 

0 4O-160mgIl 25m1 0.1600 N 0.4 & x 0.4 • rngI\.. 

0 1 ()0-4()0 !!!!!: 100ml 1.800 N 1.0 & xU • ~ 
0 200-800 mg/l SOmi 1.Il00 N 2.0 & x 2.0 • ~ 
Ll 5OI).2OC)G!!!! 20mI 1.IIOON 5.0 & xU • ~ L] 10C10-4000 II9'l 10ml j.1IOO N 10.0 & x 10.0 • ~ 

!Pllatl ..... _ !~! C8rbonIte I BarbOI_ I Relationlhip: 
...... : mgIl -

Noles: 
Standard Additionl: L] Titrant MoIa~: Digiti Requi1Id: 11l: 2nd.: 3rd.: 

Carbon Dioxide: 

EqUpment HACH DIgital TJInItor CA-DT CHEMetrk:a (Range: __ mglL) Analysil TIme: 

RangeUled: Range .ISampIe Vol. !Car1ridge ! Multip8e,r Tltralion Count I I COIlClllb alioll 
L] 10-5OmgIl 200mi O.3836N 0.1 xO.1 • mgIl 

L] 20-100 II9'l tOOmi 0.3836 N 0.2 x 0.2 • mgIl 

0 100-400 mgIl 200mi 3.838N 1.0 x 1.0 • mgIl 

L] 200-1000~ 100ml 3.838N 2.0 x 2.0 • ~ 
CHEMeItICS: mgIl 

Notes: 

$t...sanI AddlUona: D TItrant Molarity: DIgiti Required: 11l: 2ncL: 3rd.: 
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Project Site Name: Sample 10 No.: 

Project No.: Sample Location: 

Sampled Bf Duplicate: 0 
Field Ana!lst: Blank: 0 
Field Form Checked as per QJVQC Checklist (initials): I I 

SAMPLE COLLECTION/ANALYSIS IN FORMA TlON: 

Sulfide (S21: 

Equipment: DR·700 DR·S -- HS·WR Color Wheel Other: Analysis Time: 

ProgramIModule: 610nm 93 

Concentration: rngIl Filtered: 0 
Notes: 

Sulfate (50/-): 

Equipment: DR-700 DR-8 -- Other: Analysis Time: 

ProgramIModule: 91 

Concentration: mglL Filtered: 0 

Standard Solution: 0 Results: 

Standard Additions: 0 Digits Required: 0.1ml: 0.2ml:_. __ O.3ml: 

Nota: 

Nitrite (NOI -.N): Analysis Tine: 

DR-700 DR-I __ Other: FIIeted: 0 
: 80 .. 

Concentrltlon: mgIL Reagent BIIInk·eon.c:tion: 0 
StIIndw SolutIon: 0 ReIub:'O 

~: 

Nitrite (NOa"-N): ANiIysis Tme: 

DR-700 DR-I __ Other: FIIte;': 0 
ProgrlmlMoclUle: 55 

Concentration: mgIL 

Nitrite Interference Treltment: 0 
Stanc:tlrd Solution: 0 Results: . Reagent Blank Correction:'O 

SWncIard Additions: 0 DIgiti Required: 0.1 mI: 0.2m1: 0.3mI: 

Notes: 

I 
I ! 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Project Site Name: Sample 10 No.: 

Project No.: Sample Location: 

Sameleel B~: Duplicate: 0 
Field Anal~st Blank: 0 
Field Form Checked as per QA/QC Checklist (initials): I I 

SAMPLE COLLECTION/ANALYSIS INFORMATION: 

Mangane.e (Mn2j: 
Equipment: DR·700 DRoS -- HACH MN·5 Other: Analysis Time: 

ProgramIModule: 525nm 41 

Concentration: mgJl.. Filtered: 0 
Digestion: 0 

Standard Solution: 0 Results: Reagent Blank Corredion: 0 
Standard Additions: 0 Digits Required: 0.1 ml: 0.2ml: 0.3ml: 

Notes: 

Ferrou. Iron (Fe2+): 

Equipment DR·700 ORoS -- IR·1 BC Color Wheel Other: Malylil n".: 
ProgramIModuie: 500nm 33 

Concentration: mgJI.. Filtefad: 0 
Notn: 

Hydrogen Sulfide (H2S): 

Equipment: H8-C Other: Analysis TIme: 

Concentration: mgIl Exceeded 5.0 mgIl range on color chart: 0 .... : 
QAlQC Checklist: 

All data fields have been completed as necessary: 0 
Correct measurement units are cited in the SAMPLING DATA block: 0 
Values cited In the SAMPUNG DATA bIodc are consistent with the Groundwater Sample Log Sheet: 0 
Mu/ltpllcatlon II correct for each MuItJpIier table: 0 
Final calulaled concentration Is within the appropriate Range Used block: 0 
AlkaUnlty Relationship Is detennined appropriatly as per manufacturer (HACH) Instructions: 0 
QAlQC samp/e (e.g., Std. AdditIons, etc.) frequency Is appropr:iale..as per the project planning documents: 0 
Nitrite Interference treatment was used for Nitrate test if Nitrite was detected: 0 
Title block on each page of form is initialized by person who performed this QAlQC Checklist: 0 



( it}MT~NUS'~ GROUNDWATER LEVEL MEASUREMENT SHEET 

I 
I 

Project Name: Project No.: 

Location: Personnel: I 
Weather Conditions: Measuring Device: 

Tidally Innuenced: y,,_ No_ Remarkl: 

I 
Well or Elevation 0' TOtII W.ter L.vel Thlck"",01 Groundw .... 

Piuom.t.r C.t. Time R.f .... nc:. Point Well C.pth 1ncI~ R.adill8 F .... Product EltYatJon Comm.nte 
Number eft.," (fttt)' (fttt)" Cftttl' IINtr I 

I 
I 
I 
I 
I 
I 
I 
I 

-
- I 
-
- I 

-
- I 

- . I 
, - -All measuremenlllD the nearIII 0.01 fool 

PIIge_of_ I 
I 
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[ It] Tetra Tech NUS, tn< 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 

BORING LOG Page_of_ 

BORING No.: 
DATE: 
GEOLOGIST: 

--~------------
DRILLING RIG: DRILLER -------------

MATERIAL DESCRIPTION 
8Iowa I s.mpe Lithology 
,. or Recov CIIINle-

.,ROD II~ 

- ~I ....... ., 
I Sol 0erIaItyj 

CoMIe""cy 
No. LengIII IctMIMd 

-/ 
-/ ==/-_/-
--~-

;; 
/-

In ....... 

==/=-• WIllI rodI coring. enter roc:II bloke ..... 

., Color Matel1al Clattmc.tlon 
IIocIr 

"---

- -
--
--
--
--
- -
--
--
--
--
- -
-
--
--
--
- -
- -
-
-
--
- -
-
--
-
--
- -

u 
s 
c 
s 

- l!!dude IIUIIIDr IUCIIng In I focIlnIeMIIO boNIIoIe. IIIcreae rudIng frequMcy , ....,..., r.pon .. rwd. 
Rema~: ________________________________________ __ 

I'IOIRD RHcIing (ppm 

Remarks I 
a ) ~ f i 

! 

- - - -
- - -
- - -
- - -
- - -

- - - -
- - -
- - -
- - -
- - -

- - - -
- - -
- - -
- - -
- - -

- -- -
- - -
- - -
- - -
- - -

- -- -
- - -
- - -
- - -
- - -

-- - -
Drilling Area 

Background (ppm):c::J 

Converted to Well: Yes No ------ Well to. #: _________ _ 



[ It] T_ Tech NUS. Inc. 

Project Site Name: 
Project No.: 

o Surface Soil 
o Subsurface Soil 
o Sediment 
o Other: 
o QA Sample Type: 

GRAB SAMPLE DATA: 

o.te: 

I 
Depth Intervll 

Time: 

Method: 
Monitor Relding (ppm): 

COMPOSITE SAMPLE DATA: 

Dale: nme Depth Int,rvll 

Method: 

Monitor Readings 

(Range In ppm): 

SAMPLE COllEcnON INFORMAnON: 

MIIyI" 

IOBSERVATIONSI NOTES: 

Circle" AppllcUlr. 

MSIMSD I ",,_ .. No., 

SOIL & SEDIMENT SAMPLE LOG SHEET 

Page of 

Sample 10 No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
o Low Concentration 
o High Concentration 

Color DeICription (Sind, Slit, ClaV, Mollture, etc.) 

Color D .. crlpUon (Sind, SIlt, CIIV, Mollture, etc.) 

Container Requlrementl CoIIectH Other 

I 

MAP: 

S'gnature(I): 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



- - - - - - - - - - - - -
EQUIPMENT CALIBRATION LOG 

PROJECT NAME: ________ _ INSTRUMENT NAMEIMODEL: 

SITE NAME: 

PROJECT No.: 

Date 
of 

calibration 

Instrument 
1.0. 

Nl.Inber 

MANUFACTURER: 

SERIAL NUMBER: 

Penton I lnatrument Settings I Instrument Readings I Calibration I 
~= . i;'~tiori I Ja::;~ i cal:~:ion I ca:;:~~on I ~~=:~ 

I 
. I 

- -

Remarks 
and 

Comments 

- - - -



( It] Tob'a Tech NUS, Inc. MONITORING WELL DEVELOPMENT RECORD Page_of __ _ 

Well: _______ ---J[)epth to Bottom (ft..): _____ Responsible Personnel: ___________ _ 

Site: Static water level Before (ft): Drilling Co.: ------------------------Date Installed: Static Water level After (ft): Project Name: -----------------------Date Developed: SQ"Hn Length (ft.): Project Number: ------------------Oev. Method: Specific capacity: ________ _ 
Pump Type: Pasfng 10 (In.): ______ _ 

Time 

1~1·~I-Lova 
Temperature pH Specific Turbidity Remarks (odor, color, etc.) 

Sediment Water Readings (Degrees C) Conductance (NTU) 
ThIcknesS Volume (Ft below TOC) (Units ----> 

(Ft) (Gal.) . , 

I 
" 

, I 

I . 
I 

I 

------------------ -
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I 
I 

[ I+;] T ... Toc" NUS, ,,, 

Project Site Name: 
Project No.: 

U Domestic Well Data 
o Monitoring Well Data 
o Other Well Type: 
o QA Sample Type: 

SAMPLING DATA: 

I D.te: Color 

!Time: (Visual) 

!Method: 

PURGE DATA: 

Date: Volume 

Method: 

Monitor Reeding (ppm): 

~ell Casing Diameter & Material 

Type: 

Total Wen Depth (TO): 

Static Water Level (Wl): 

One Casing Volume(gal/l): 

Start Purge (hrs): 

End Purge (hrs): 

.... otIl Purge Tme (min): 

Total Vol. Purged (Pill): 

SAMPLE COLLECTION INFORMATION: 

Analysis 

OBSERVAnoNS I NOTES: 

lCircle If Applicable: 

MSIMSD lo.-"No.' 

GROUNDWATER SAMPLE LOG SHEET 

Page of 

Sample 10 No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 
Type of Sample: 
o Low Concentration 
o High Concentration 

1- -
I I pH S.C. Temp. 

T',",,,,, I DO Salinity Other 

~ 
(mS/em) ('C) (Nro) (l1li/1) (") . 

- -
pH S.C. Temp. Turbidity DO Salinity Other 

-
--
. Pre.ervatlve Container Requirements Collected 

I-'~ 



MONITORING WELL MATERIALS 
CERTIFICATE OF CONFORMANCE 

Well Oesignatlon: ____________ _ 
Site Name: _____________ _ 

Date Installed: ____________ _ 
P~edName: ____________ __ 

Material BrandlDescription 

Wellea.lng 

Well Screen 

End Cap 

Drilling Fluid 

Drilling Fluid Additives 

Backfill Material 

Annular Filter Pack 

Bentonite Seal 

Annular Grout 

Surface Cement 
Protective Calng 

Paint 

Rod Lubricant 

• Com",..aor 011 

Site Geologist ______________ _ 

Drilling Company: _____________ _ 

Driller:. ________________ _ 

Project Number: _____________ _ 

Source/Supplier Sample 

Collected ? 

To the best of my knowtedge, I certify that the above described materials were used during installation of this monitoring well. 

Signature of Site Geologist, _________ ---.. ____ _ 

-------------------
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1.0 PURPOSE 

This procedure provides general guidance and information pertaining to proper monitoring well design, 
installation, and development. 

2.0 SCOPE 

This proc:edure is applicable to the construction of monitoring weill. The methods detcribed herein may 
be modified by project-lpecific requirements for monitoring wen construction. In addition, many regulatory 
agencies have spec:ifIc regulations pertaining to monitoring well construction and permitting. These 
requirements must be determined during the project planning phases of the Investigation, and any 
required permits must be obtained before field work begins. Innovative monitoring well installation 
techniques, which typically are not used, will be discussed only generaDy in this procedure. 

3.0 GLOSSARY 

Monitoring Well· A well which is screened, cased, and sealed which is capable of providing a 
groundwater level and groundwater sample representative of the zone being monitored. Some monitoring 
wells may be constructed as open boreholes. 

Piezometer - A pipe or tube Inserted into the water bearing zone, typically open to water flow at the 
bottom and to the atmosphere at the top, and used to measure water level elevations. Piezometers may 
range in size from 112~iameter plastic tubes to well points or monitOring weDs. 

P0t8ntiomeb'1c Surface • The surface representative of the level to which water wli rise In • well caed to 
the screened equler. 

Wei Point (0rIYe Point) ~ A screened or perforated tube (Typic*Iy 1·1141 or 21nchM In diameter) with • 
sold. conical, hardened point at one end. which Is attached 10 • riser pipe and driven In" the ground with 
• sledge hammer. drop weight. or mechanical vtntor. Well points may be UMd for groundwater Injection 
and NCOYeIY •• piezometers (1.1 •• to measure water levels) or ID provide groundwater I8n'C)Ies for water 
quIIlJ data. 

REIPONS •• mEl 

DrIer-1M drIW pvv1de18dequnt and opel'" ~~~....." fI P ••• ~ ind 1ft "ad and .... IIbor boI c:apIbII at petbn* ... pi..- 01 praper ~ .... 
1Nfp1,*n and cntrucIIon. The drtIIer InIy alia be NIpOI .... far CIbtMIng. In ICIv8nce. any requhd 
permits far mQllIomg wllnltalldon and conttruction. .. ... . . 

field GeoIoaI!t - The IIId gedogIIt lUPIN.... and documenII .. IrAIation and· c:onstrucIIOn 
pefformJd. by .. dIIIIr. 8nd InueI 1hIIt wei construdIon ,. 1deqI.... to provide repre ...... 
groundwater data tom the monitored InI8Mll Geotec:hnicaIluglneers, field technicians, or other IUIIIIbIe 
trained pnonneIlJWf aIIo serve In .,. capacIy. 

01.11n:» Tttra Tech NUS,Inc. 
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5.0 PROCEDURES 

5.1 Egull!m.ntllt.m. N.ed.d 

Below is a list of items that may be needed when installing 8 monitoring well or piezometer: 

• Health and safety equipment as required by the Site Safety Officer. 

• Wen dnlling and installation equipment with associated materials (typically supplied by the driller). 

• Hydrogeologie equipment (weighted engineer's tape, water level indicator, retractable engineers rule, 
electronic calculator, Clipboard, mirror and flashlight· for observing downhole activities, paint and ink 
marker for marking monitoring wells, sample jars, well installation forms, and a field notebook). 

• Drive point installation tools (sledge hammer, drop hammer, or mechanical vibrator; tripod, pipe 
wrenches, drive points, riser pipe, and end caps). 

5.2 Well Design 

The objectives and intended use for each monitoring well must be clearly defined before the monitoring 
system Is designed. WIthin the monitoring system, different monitoring wells may serve different 
purposes and. therefore. require different types of construction. During all phases of the wen design. 
attention milt be given to clearly documenting the basis for design decisions. the details of wen 
construction. and the materials used. The objectives fer Installing the monitoring wells may include: 

• Determi11ng groundwater flow directions and velocities. 
• Samplng or monitoring for trace contaminants. 
• Determining equifer characteristica (e.g., hydraulic conductivity). 

Siting of II'IOIlIDIitlg ... shill be performed after a preliminlry ..... 1Ition of the grounclwafllr flow 
dIrecIoIL In moat CIII8I. gtOUndwat8r low dIrectionI and poleI'" WlllIoc:aIioI. eM be ctet.m •• bJ 
an ~1CId 1IJch~ hough" review of gecJIogIc· ... Iftd ... linin. In·addIian. dIda 
tom procU:Ion .... 01 aIher mOlllorlliO .... In ..... nwy ........ dill ...... g~ 
tow diec:lolL ...... methods cannot be used. pieiorneterI. wNch ...... vety 1nexpenIIve ......... 
may twv.1D" NbIIId In a ~ m.fplhle phIise tD ,1I~k.n'."'_ IGwdlrac*lL 

1.2.1 WeI DepCh, DIameter, and Monitored InteiWI 

The wei depIh. cIamI .. , n monitoied interval nut be taIored to .. ip8CiIc rraila".tg needa of ..:h 
lrNesligllliolL SpeciIIcaIcMi of theM ...... g.,..,..., depeladl on .. JU"POIe of .. moullorlllglytlilm 
and the characo1lrlltlcl of the hydrogeologic system being monllnd. Well of dIfret.1I dePth. dlali ..... 
and mOIl.ored Interval can be employed In the AmI grounctwalr mou.orlng I)'tItIIm. For ~.tance. 
varying .. II'IOIIIknd InIIIMIIIn ~I weill, at the same Ioc8IIan (c:IuItIr .... ) eM help ID ttlt. "i • 
... YeI1IcII gracIIIt and III clejllhlil ~ COl ......... ...-.c. .. CoIMneI)~ • ..., pel ....... .. 
weill u.IIIy nat UMd to quenIIfy or wrticaIIy IocMI a contam!l.ll ....... Iince groundW8teI ..... 
c:oIKtId m WIll that .. lCleened fNer" lui thIckneu Of the ....... ..,~ be lepral. ItatIYe 
of ... COIdIOI. ICrQII the ... monllnd IlUrva H<MrwINr. My per .. b ... .., .... can be UMd 
to estabIIh the existenCe of contamination In the water-bearlng zone. The wei diameter desired depends 
upon the hJdr8uIic ct. ..... of .. water-bearlng zone, ......... ___ a. draIg method and 
colt. 

Tetra Tech NUS, Inc. 
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The decision conceming the monitored interval and well depth is based on the following (and possibly 
other) information: 

• The vertical location of the contaminant source in relation to the water-bearing zone. 

• The depth. thickness and uniformity of the water-bearing zone. 

• The anticipated depth, thickness. and characteristics (e.g., density relative to water) of the 
contaminant plume. 

• Fluctuation In groundwater levels (due to pumping. tidal influences, or natural recharge/discharge 
events). 

• The presence and location of contaminants encountered during drilling. 

• Whether the purpose of the installation Is for determining existence or non-exlstence of contamination 
or if a particular stratigraphie zone is being investigated, 

• The analysis of borehole geophysical logs, 

In most situations where groundwater flow lines are horizontal, depending on the purpose of the weD and 
the site conditions, monitored intervals are 20 feet Of' less. Shorter screen lengths (5 feet or less) are 
usually required where ftow Ines are not hOttzontai. (Le.. If the weIJs are to be used for accurate 
measurement of the potentiometric head at I spec:iftc point). 

Many faetorIlnfluence the diameter of a monitoring wei. The diameter d the monitoring wei depends on 
. the application. In determining wei diameter, the following needs must be conlidered: 

• Adequate water volume for sampling. 
• Orilling methodology. 
• Type of sampling device tID be used. 

• Costa. 

818I"dn~ WIi~ld.r. .. 2. ... e. or ...... DrtII.· .. lM¥~ 1~.~2·inchtI" 
dIIIm.aar;·"or na ............ which ,... _led rrallbtll ~ .... 2.ft:h til ~ 
dlamatar wi, II p"'"", '1)paiIy. wi ....... ~,'-"-.... ~." Ulid,1n rnanID." 
p"", ••• 1n wNch opel .... bedrock rrIOIllbilg ...... UNCI. \\Wt·imIIIt .... fU ..... lie vaUnt 
d __ ...,In the ... IIIM1im1zed. and wei CGnIWdIon COlt. nl'8ducld; ~. the -"'18 

. deYicellhat CM be UIId nlmlld. ,. ,.... 

In ~ wei diamew • .,..,. ... Nqulremenll nuat be consIderId (up to.~ d .. plana d.-
may be required far. lingle .... to ec:count for ill GIIInic Iftd inorganiC II"", and tpIIt ..... ). 
partlcullrty • the moI_" bandon II known to be IIDw-yiIIdIng bm.lJiL The unlWkIma d .... 
contained within • rnOIl1Drt1 ... wei II depec .. 1t on the ... dIImItII • toIIowI: . 

01111'''' 

, &iiIii Iiiiide 
0IuMIIr (Inch) 

2 .. 
1 

.... ~ 

"'~=:"~IJ 1.13' . , 
1.53 . 
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If a well recharges quickly after purging, then well diameter may not be an important factor regarding 
sample volume requirements. 

Pumping tests for determining aquifer characteristics may require larger diameter wells (for installation of 
high capacity pumps); however, in small-diameter wells in-situ permeabiity tests can be performed during 
drilHng or after wei installation is completed. 

1.2.2 RIs.r Pipe and Screen Mat.rlal, 

Well materials are specified by diameter, type of material, and thickness of pipe. Well screens require an 
additional specification of slot size. Thickness of pipe Is referred to as -Schedule- for polyvinyl chloride 
(PVC) casing and Is usually Schedule 40 (thinner wall) or 80 (thicker wall). Steel pipe thickness is often 
referred to as -Strength-. Standard Strength is usually adequate for monitoring well purposes. With 
larger diameter pipe, the wall thickness must be greater to maintain adequate strength. The required 
thickness is also dependent on the method of installation; risers for drive points require greater strength 
than wells installed inside drilled borings. 

The selection of well screen and riser materials depends on the method of drilling, the type of subsurface 
materials the weB penetrates, the type of contamination expected, and natural water quality and depth. 
Cost and the level of accuracy required are also Important The materials generally available are Tefton, 
stainless stee~ PVC galvanized steel, and carbon steel. Each has advantages and limitations (see 
Attachment A of this guideline for an extensive presentation on this topic). The two most commonJy used 
materials are PVC and ItaInIesI steel. Propet1jeI of these two materials .. compared in Attachment B. 
Stainless steel is • good choice where trace metals or organic sampling is requited; however, ~ts are 
high. Teflon rna.iIIs are extrwneIy expen~Ive, but are relatively Inert and pIOVIde the least opportunity 
for water c:ontanination due to weR materials. PVC hal many advantages, inctIdIng low c:oet. exceIent 
avaDability,lght weight, ease of manipulation, and widespread acceptance. The crushing ItreIIgth at PVC 
may limit the depth of installation, but the use of Schedule 80 materials may ov.rcome some of the 
problema .. sociIt8d with depth. However, the arnaIIer inside diametar at Schedule 80 pipe mar be an 
Important facIor whIn·conaIderIna the lID at ~ or pumpa requRd far .. npllll" ar.~ Due to 
thII problem, the......, ... pipe" JICOrMIIIIdId for SchIduIIIQ .... II ....... LD.. i-:.,' 

Sa ... II1d ,.,. -~ ~.to be d.oou.,.,. ... 1f bebe ute .-;.. oI-tl.nlf pli.~'1nd 01 
.... during tnId ~ II1d tcreM nwUecUIng mey COl ......... _ ... ~,......, ~ 
................... or c::fwric8IIy r-=t wIh 0IIIfIIc condIuInII. 1M till II con~ .......... 
GIIv.1Ized stili II nell rKOmi •• 1dId whn ........ mer be c""*d tar inieIIa ~ II zInC Iftd 
aidmiurn 1eveII1n .............. 11111 become ... _ted tom leeching at the zinc COIlIng. 

TtnIded, tIuIhic*It casing II molt oftIn prer.rr.d lor moniIoring wei liP •• ';"'''. PVC, Teton. II1d 
..... can .. be cAaNd with Ineded joIntI. WeIded-joInt RIel caIng II ., acc:eptabie. Glued PVC 
may reIeaM organic eoutBmi .... into .,. wei. and therefore. IhouId not be UMd I the wei II to be 
sampled for Ofganic conttftuentL 

¥an the .... __ .. II In conICIIdIlid bIdIock. such III ~.tilOl. 01 rr.cbnd.~ .... 
8CfMll1I often not neeenary (I'Ie .. 1I1ImpIy M open hoIIln bedrock). Uncolildldila n ..... 
u:h .. sandi, cIIy. end ... require alClMn. A ICr8en IIot size of 0.010 Of 0.020 Inch II gennIIy UI8d 
when • ICreen II neceta.y. and the ..... r borehole apace IrOUnd the 1CI_1ed INIMI II IItIcIaIt 
packed with an approprtateIy sized sand. selected baled on formation grain size. The IIct size controls 
.. quantity 01 .... ena.mg the wei and prevents enIry of naIInI nwt:nII Of And,... 'The a... 
IhaII pest no more·,*, 10 ~ at the peck ...-sal, or In-sItu ~uIIr rnIterIIL The ... geoIogJIt 
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shall specify the combination of screen slot size and sand pack which wiD be compatible with the water
bearing zone, to maximize groundwater inflow and minimize head 10 .... and movement of fine. into the 
wells. For exafll)le, as a standard procedure, a Morie No.1 or No. 10 to No. 20 U.S. Standard Sieve lIze 
filter pack is typically appropriate for I O.02O-inch slot screen; however, I No. 20 to No. 40 U.S. Standard 
Sieve size filter pack Is typicaDy appropriate for I 0.01O-ineh slot screen. 

5.2.3 Annular lllterials 

Materiaia placed in the annular space between the borehole and riser pipe and screen include a sand 
pack when necessary, a bentonite seal, and cement-bentonite grout. The sand pack Is usually a medium
to coa~rai'lecl poorty graded, silica sand and should relate to the grain size of the aquifer sediments. 
The quantity of sand placed in the annular space is dependent upon the length of the screened interval, 
but should always extend at least 1 foot above the top of the screen. At least 1 10 3 feet of bentonite 
pellets or equivaJent shall be placed above the sand pack. Cement.t)entonite grout (or equivalent) II then 
placed to extent from the top of the bentonite pellets to the ground surface. 

On occasion, and with the concurrence of the involved regulatory agencies, monitoring wells may be 
packed naturally (i.e., no artificial sand pack Installed). In this case, the natural formation material is 
allowed to collapse around the well screen after the well is installed. This method has been used where 
the formation material itself is a relatively uniform grain size, or when artlficlal sand packing is not possible 
due to borehole collapse. 

Bentonite expands by absorbing water and provides a seal between the screened Interval and the 
overlying portion of !he annular space and formation. Cement-bentonite grout II pIIced on top of the 
bentonite pellets. extending to the surface. The grout effec:tively seals the rernair*'8 borehole IMutus 
and ellrrinatel .. posd)Ifty lor surface InftItration reaching the saeened InteMII. Grouting' atso repIeceI 
materiIII removed ckmg dra1g Ind prevents hole collapse and IUblidence' aRUtd .. well. A tremIe 
pipe should be used to InIroduce grout from the boIom upward. eo prevent brtdgIng. Ind to provide • 
better..... In IhIIow boreholes that don't coIapse, it may be more prKticaI to peg the grout tom the . 
IUrface without. hnie pipe. 

Grout II a general tann which has MYWIII difterent corR~ For II pr8ClicII purpoHI wIt*t' the 
nollomg wi ... 7 7 OR Industry. ~ refers tDthe ICIciIed ........ WhIch II NtIIid Md ocatplll 
the ..... Ipece .. 1M belD •• peW..... <hUt. iniif d iii l1li( II ...... ~01·_.,..:_·· 
.u"' .... fill ........ (e.g.. c.ment and/or btI .. lII,. A CllMlIlWi .... 1II "'wNdIli .. ... 
caulnon tn-e fill gnU UMd Inman'Ding wei compl"au, ncin __ li .......... ~·WiIIM .... .,.. 
.. __ ... ...., fill ana eo.,ouncr .... of Pa1III ... Typi I CImInI. __ a lit· ....... ·· .- .... fit, . ..... btl'.'" Ind' 8-7 .... of....... A...tiiinint Canlbfi"Gf .. ~'I'a.'v., 
Pcdilid Type I CIII'nId Ind 8-7 plant or ....... Abiinb • ..." (b.idOi.· ............. ., ... ,IM" , .. 
but pumpabIe ricIuN) lllOmItII.1II UMd InItnd cf grout b'deep wei fllit.hU.-.... ~ d 
belD'" peletlil -=ua. BeNonI8 c:hIpI are also occasIoIlIIy UIId tar ..... back8 In place of 
grauL '~ .. /' - (-~ ... ~('....;.~ .~~ ...... 

In certain cases. .. bCIIehaIe mIy be drIIed to I depth gruter thin the .1IcIpatId wei • .....". depth. 
For thaIe CIMI, 1M wei IhII be bIddIed to the daIQd depth wIIh btI .. 1II ~ILWrHpe or cement 
gnU. A 1hort.(1-tD 2..faoO .1ICIIan dc:appad.rIIer pipe....., lllOmItII •• 1nItIIId IrnmadI8Wi below 
the aeen. ........ ,'whllf4i1l1eantpoet.din' ..... t "1I-.6 •• r~'wnftl.li"~· 
tMt the antIra ICI'IIft ufaca remaIna unobIttruc*d. . . ~ . . :" :,~:, 

~, , ' 
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VVhen the well is completed and grouted to the surface. 8 protective steel casing is typically placed over 
the top of the well. This casing generally hal a hinged cap and can be locked to prevent vandallam. The 
protective casing has I larger diameter than the well and Is set into the wet cement grout over the well 
upon completion. In 8ddition, one hole is drilled just above the cement c:oa. ttvough the protective 
casing which acts .. a weep hole for the flow of water which may enter the annulus during well 
development, purging, or sampling. 

A protective casing which is level with the ground surface (f\ush-mounted) is used in roadway or parking 
lot applications where the top of a monitoring well must be below the pavement The top of the riser pipe 
is placed 4 to 5 inches below the pavement. and a locking protective easing is cemented in place to 
3 inches below the pavement A large diameter. manhole-type protective collar is set Into the wet cement 
around the well with the top set level with or slightly above the pavement An appropriately-sized id is 
placed over the protective sleeve. The cement should be slightly mounded to direct pooled water away 
from the weD head. 

1.3 Monitoring W.lllnitallation 

Pertinent data regarding monitoring well installation shall be recorded on log sheets as depicted and 
discussed in SOP SA~.3. Attachments to this referenced SOP illustrate terms and physical construction 
of various types of monitoring wells. 

1.3.1 Monitoring Wei" In Unconsolidated Sediment. 

AItM the boIehoie is dilled to the desired depth, weD InstalatJon can begl,,, The procedure for wen 
Installation wII plftialy be dic:t:aI8d by the stability of the formation in which the wei it being placed. If the 
borehole coIapaes inYneciately after the drilling tools Ire withdrawn, then I ten1p(nry cuing must be 
insta8ed and wei installation wi proceed through the center of the temporary casing, and continue as the 
tempOrary ~ is wIhdnIwn from the borehole. In the case of hollow Item auger drilling. the lugera 
wi .ct to stabilize the boIehoie dwIng wei instalatlon. 

Bafcn ... scraen Ind ... pipe .. bMnd into '" barehoII. II pipe ......... .....,.. IhouId be 
m8aured witt .. _Igi .arule to ensure proper plac:erilenl 'MMln rneauIng ..tons. the thrueJI on 
one end of ... pipe or ICretI'IINIIt be excIIlded while measuring. IInce fie pipe .. 8CnNtn sedIoI ... 
ICIW'MMI btl togICheI. 

Altar the 8CrHft end rIMr pipe .. lowered ttvough the tImporaIy caIng. .. an '** can be inItaIIed. 
A wllghtld .. ..-n1Nllt be used eluting the NbIIeIIon procedIn to C8nIUy monIar lnatEEEllon . 
progiI'" The.n II Mfy pcued .... annulus between .... pipe8lld ..... , caIng ... the 
~ II wIhdrwn. s.nct IhouId ..,. be kept wIIhin the ~ ~ dIItIg wIhdIw.a In order 
to ensure an adequalillind pack. However. If too nu:h lind II wIhIn the lImpoi_y caIng (greatIr than 
1 toot above the boIam of ihe' CIIing) bridging b8twMn the tImpoc., ~ _ rIIer pipe ..., occur. 
c. ...... ...., be .... It .. geoIatIIta dllcallol .. one .,. Mel one ... the ICRIn. to ..... 
enough annuler IpIC8 b .... peck pIacement.' . 

Alter the sand pack II InItaIed to the desired depth (at leal 1 foot above the top of 1M screen). then the 
bentonite pellet .... (or equivalent), can be installed In the ..",. mann. .... SRI pack. At least 
1 to 3 feet of benton" peIIetIlhouid be Installed above the sand pack. PeIeIIIhouId be added IIowIt 
8nd their ... mClllIIIored c:IoMIt to ensure thet brtdging does not OCCU'. 
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The cement-bentonite grout is then mixed and tremied into the annulus as the temporary casing or augers 
are withdrawn. Finally, the protective casing can be instaned .s detailed in Section 5.2 .... 

5.3.2 Confining Llytr Monitoring Wenl 

When drilling and InstaRlng I well In I confined aquifer. proper well installation techniques mu.t be 
ippI"led to Ivoid croll contamination between aquifers. Under rnott conditions, this can be accomplished 
by installing doubIe-cased wefts. This Is accomplished by drlmng a large-diameter boring through the 
upper aquifer, 1 to 5 feet into the underlying conftnlng layer, and letting 8M pressure grouting or tremie 
grouting a large-dlarneter casing Into the confining layer. The grout material must fin the space between 
the native material and the outer easing. A smaller diameter boring Is then continued through the 
confining layer for installation of the monitoring well IS detailed for overburden monitoring wells. 
Sufficient time (determined by the field geologist). must be allowed for setting of the grout prior to drilling 
through the conftned layer. 

5.3.3 Bedrock Monitoring Well. 

When installing bedrock monitoring wells, a large diameter boring is drilled through the overburden and 
approximately 5 -10 feet into bedrock. A casing (typically steel) is installed and either pressure grouted 
or treme grouted in place. After the grout has cured, a smaller diameter boring is continued into bedrock 
to the desired depth. If the boring does not coRapse. the well can be left open, and a screen is not 
necessary. If the boring collapses, then a sereen Is required and can be Installed as detailed for 
overburden monitoring wells. If a screen Is to be used, then the caSing which is installed through the 
overburden and Into the bedrock don not require grouting and can be removed when the ftnaI wen 
installation is completed. 

1.304 Drive Poln .. 

Drive points can be Installed with either a sledge hammer, drop harmer, or a mechanical Ybator. The 
tcreen section IlIuHded and tightened onto the riHr pipe with pipe WnNICheI. The drive point illimply 
pounded into the IUbIwface to the desir8d depth. If I heavy drop hImmer II used. then a tripod Ind 
pgIey I8bJp II requRd to 1ft the hammer. DrIve poinbI typlc8ly cannot be manually drIYwI to depChI 
• ...." 10 .... ~'.' .. ' ,. 

Dhct JIUIh .'''''lQIna!llomg point In •• ' fbi, methOdI. .-.0 a chct pUiIh'fIg'ar .-ng rig. .. 
dn c,,*,1n SOP SA-U. . 

" ":.", .. 
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The purpose of well development is to stabilize and increase the permeability of the gravel pack around 
the well screen, and to restore the permeability of the formation which may have been reduced by drilling 
operations. Well. are typically developed until all fine material and drilling Wlter Is removed from the wei. 
Sequential measurements of pH, conductivity and temperaturl taken during development nwy yield 
information (stabilized values) regarding whether sufficient development has been performed. The 
seleCtiOn of the Will development method shaI be made by the fteId geologist and is based on thl driling 
method., well construction and installation details, and the characteristics of the formation that the wei is 
screened In. The primary methods of well development are summarized below. A more detailed 
discussion may be found in Driscoll (1986). .. 

5 .... 1 Overpumplng and Backwashlng 

Wells may be developed by alternatively drawing the water level down at a high rate (by pumping or 
bailing) and then reversing the flow direction (backwashing) so that water is passing from the well into the 
formation. This back and forth movement of water through the well screen and gravel pack serves to 
remove fines from the formation Immediately adjacent to the well, while preventing bridging (wedging) of 
sand grains. Backwashing can be accomplished by several methods, including pouring water into the 
wen and then bailing, starting and stopping a pump intermittently to change water levels, or forcing water 
into the well under pressure through a water-tight fitting rrawhiding"). Care should be taken when 
backwashing not to apply too much pressure, which could damage or destroy the wen screen. 

5.4.2 Surging with a Surge Plunger 

A surge plunger (also called a surge block) is approximately the same diameter as the wen casing and Is 
aggressively moved up and down within the wei to agitate the water, causing It to move in n out of the . 
screens. This movement of water pulls fine materials into the wei, where they may be removed by any of 
several methods, and prevents bridging of sand particles In the gravel pack. There are two basic types of 
surge plungers; ~ end valved aurge pIungera. In fonnatIOI. witt low yIeldS. a VIIved IUIge ~ 
ffWt be rnfwred. .1CIId pbIgera tIneS to tan:e .... out 01 .. wi lit I ............ wltow 
back In. V"- pkqerIn cIeIIgned to pracb:e a gNIIIIIr InIaw ... ouIIIcNr 01 ..... cUIng ..... 

1.4.3 Compr .... d All 

Compreued air can be UIed to develop a wei by either 01 two methodI: bec:kwaItq or ~. 
Backwalhlng II doni by fordng water out Ihrough the sc:I'MM. using 1ncr ••• 1ng air .,...... NIdI a 
sealed .... then ,.11I.:'1g .. ~ed air to allow the .... to flow back Into the wei. Cere IhouId 
be taken when ~ til method 10 tt.t the ... ·1eveI doeI not drop below .. top 01 the ICfeM. ... 
introducing air Into the mullion and NducIng well yield. SurgIng, Of fie -open well' method, COl .... 01 
alternately ~ large volumes of air suddenly Into an open well below the water level to produce a 
strong surge by virtue of the resistance of water head, friction, and inertia. Pumping of the wei II 
subsequently done UIing the air 1ft method. 

iAA HIgh VeIocItJ ...... , 

In the high veIociIy jI8Ing method, water II forced It high wIocItIeI tom a pklnger-type device and 
lhrough the wei screen to loosen ftne particles from the sand pack and sumudng bn.tioIL Tbe jetting 
tool II IIowIy rotated and railed n lowered along the length 01 the well .,.. to dev.IOIJ the enIinI 

T ..... Tec:II NUS, Inc. 
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screened area. Jetting using a hose lowered into the well may also be effective. The fines washed into 
the screen during this process can then be bailed or pumped from the wei. 

e.o RECORDS 

A critical part of monitoring wei installation Is recording of aU slgnibnt details and .vents in the lite 
logbook or field notebook. The geologist mu.t record the exact depths of significant hydrogeological 
features, screen placement. gravel pack placement. and bentonite pI.:emet It. 

A Monitoring WeI Sheet ( ... Attachments to SOP SA~.3) .haII be ~, ensuring the uniform 
recording of data for each InstaDation and rapid identification of missing inIonnation. 'Neff depth, length, 
materials of construction, length and openings of screen, length and type of riser, and depth and type of 
all back1ll1 materials shall be recorded. Additional Information shal Include location, Installation date, 
problems encountered, water levels before and after weR Installation, cross-reference to the geologic 
boring log, and methods used during the installation and development process. Documentation II very 
important to prevent problems involving questionable sample validity. Somewhat different Information will 
need to be recorded, depending on whether the well Is completed in overburden (single- or double
cased), as a cased well in bedrock, or as an open hole In bedrock. 

The quantities of sand, bentonite, and grout placed in the well are also important The geologist shall 
calculate the annular space volume and have an idea of the quantity of material needed to fill the annular 
space. Volumes of bacldill significanUy higher than the calculated volume may indicate a problem such. as 
a large cavity. while a smaller backfill volume may indicate a cave-in or bridging of the backfill materials. 
Any problems with rig operation or down-time shall be recorded and may affect the driller'. final tee. 

7.0 REFERENCES 
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ATTACHMENT A 

RELATIVE COMPATIBILITY OF RIGID WELL CASING MATERIAL fPERCEN!l 
Potentially-Deteriorating Type of Casing Material 
Substance 

PVC 1 Galvanized Carbon lo-carbon Stainless Stainless Tefton· 
Steel Steel Steel Steel 304 Steel 316 

Buffered Weak Acid 100 56 51 59 97 100 100 
Weak Acid 98 59 43 47 96 100 100 
Mineral Acid! 100 48 57 60 80 82 100 
HiSh Solids Content 
AQueous/Organic 64 69 73 73 98 100 100 
Mixtures 
Percent Overall Ratins 91 58 56 59 93 96 100 

Prelimina!}: Ranking of R!gid Materials: 

1 Teflon- 5 lo-Carbon Steel 
2 Stainless Steel 316 6 Galvanized Steel 
3. Stainless Steel 304 7 Carbon Steel 
4 PVC 1 

• Trademark of DuPont 
RELA TlVE COMPAnBLITY OF SEMI-RIGID OR ELASTOMERJC MA TERIALS ~ERCE!m " 

PotentiaHy- Type d CasIng Material 
Deteriorating 
Substance 

PVC pp PE PE PMM VItOn" Silicone Neoprene Tefton-· 
Flexille Conv. Unear 

Butrered Weak N:Jd . -W- 87 ""100 87 80 82 17 85 100 
V'MkNItJ 82 .-er 18 78 78 75 75 100 
U ..... AddI 100 100 '100 100 -.- 1'00 71 82 100 
HIgh SciIIdI Content 
AqueouIIC)rp1ic 82 71 ~ 80 48 78 48 44 100 
MIIdanI 
Percent aver.I • 80 er 88 78 17 72 72 100 
R.ana ---- -- ---
PreIImin8IY RankhI d SemI-RJaId or Elastomeric Materials: 

1 Tdon· 5 PE ConvenIIoIIII 
2 PotfpropyIeIIe (PP) 8 Plexiglasllucite (PMM) 
3. PVC FIexIbIIJPE LNar 7 SBlconeINeoprene 
4' vrat· 

• Trademark fA DuPont 

Sourte: Barcelona It It, 1983 
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ATTACHMENT B 

COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WEll CONSTRUCTION 
Charac:teristic Stainless Steel PVC 

Strength U .. In deep weill to prevent Use when shear and c:ompreSlive 
compretIlOn and doling of strength Ita not crtticaI. 
screenlriler. 

We~ht Relatively heavier. Light-welght btl in water. 
Cost Relative~ expensive. Relatlve~ inexpensive. 
ColTQSivity Deteriorates more rapidly in corrosive NOfHX)rTOSive - may deteriorate in 

water. presence of ketones, aromatics, alkyl 
sulfides, or some chlorinated 
h~drocarbons. 

Ease of Use Difficult to adjust size or length in the Easy to handle and work with in the 
field. field. 

Preparation for Should be steam cleaned if organics Never use glue fittings - pipes should 
Use will be subsequently sampled. be threaded or pressure fitted. Should 

be steam cleaned when used for 
monitorins weDs. 

Interaction with May sorb organic or inorganic May sorb or release organic 
Contaminants- substances when Oxidized. substances. 

• See also Attachment A. 
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Subject Number 

BOREHOLE AND SAMPLE LOGGING Reviaion 

1.0 PURPOSE 

GH-1.5 30f20 

Effective Date 
06/99 

The purpose of this document is to establish standard procedures and technical guidance on borehole 
and sample logging. 

2.0 SCOPE 

These procedures provide descriptions of the standard techniques for borehole and sample logging. 
These techniques shall be used for each boring logged to provide consistent descriptions of subsurface 
lithology. \MIile experience is the only method to develop confidence and accuracy in the description of 
soil and rock, the field geologist/engineer can do a good job of classification by careful, thoughtful 
observation and by being consistent throughout the classification procedure. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBILmES 

Site Geologist. Responsible for supervising all boring activities and assuring that each borehole is 
completely logged. If more than one rig is being used on site, the Site Geologist must make sure that 
each field geologist is property trained in logging procedures. A brief review or training session may be 
necessary prior to the start up of the field program and/or upon completion of the first boring. 

1.0 PROCEDURES 

The classification of soil and rocks is one of the most Important jobs of the field geologist/engineer. To 
maintain a consistent flow of information, it is imperative that the field geologist/engineer understand and 
accurately use the ft8Id c:lassitication system described in this SOP. This identification is based on visual 
examination and manual ..... 

'.1 ....... NeecIed 

• Rock he,...".,. 
e Knife 

• eame.. 
• 0iuIII hydr'octIIcR acid (HCI) 
• Ruler (marked In Ientha and hundredths d feet) 
• Hand Lens 

• .2 Cia IItIcdon of Sole 

AI data shaD be wrfItIn directly on the boring log (Figure 1) or In. field notebook If more apace Is needed. 
Details on tiling out the boring log are dlscnsled In SectIon 5.5. 

0118111P Ten Tech NUS. Inc. 
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FIGURE 1 

BORING LOG (EXAMPLE) 

BORING LOG 
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Pege_ot_ 

PROJECT NAME: BORING NUMBER:' 
---------------------~~ ---------------------PROJECT NUMBER: 

DRlWNG COMPANY: 
__________________ GEOlOGlST: 

DRlWNGRJG: DftIllER: . 
MATERIAl DESCRIPTION --__ .... _I __ UIIoIIw __ ~ r .. __ a-p 

~ .... ..., --~ ---- ......... -- ...-, 
Color .. ......... -------

--
--
--
--
--
--
--
--
- -
--
--
--
-- -- -- ---
- --
-
-
-
----

.------~- - --
-.......................... __ --..... -.-1_ .... ----

u 
• C Ramarb • · 

--.-

I------I~ - - -
1 ______ ... · tl:!::' f;Z; ;.' 

,;\ ; 
' .. __ ~.t. 

1 ______ .- __ _ 

~ ---------------------------.... --------
NO ------ WIILD.i~ .... ---------
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5.2.1 USCS CIa"tflcation 

Soils are to be classified according to the Unified Soil Classification System (useS). This method of 
classification is detailed in Figure 1 (Continued). 
This method of classification identifies SOil types on the basis of grain Size and cohesiveness. 

Fine-grained soils, or ftneI, are smaner than the No. 200 sieve and are of two types: .. (M) and clay (C). 
Some daaaification systems define lize ranges for these soil particles, but for field classification 
purposes. they are identified by their respective behavk:n. Organic material (0) II a common component 
of soil but has no size range; It is recognized by its composition. The careful study of the USCS wilaid in 
developing the competence and consistency necessary for the classification of lOlls. 

Coarse-grained soils shan be dMded Into rock fragments, sand, or gravel The terms sand and gravel not 
only refer to the size of the IOiI particles but also to their depositional history. To Insure accuracy In 
description. the term rock fragments shall be used to indicate angular granular materials resulting from the 
breakup of rock. The sharp edges typically observed indicate little or no transport from their source area, 
and therefore the term provides additional information in reconstructing the depositional environment of 
the soils encountered. 'Mlen the term wrock fragmentsW is used it shall be followed by a size designation 
such as W(1/4 inch4>-112 inehc%lt or "coarse-sand size" either Immediately after the entry or In the remarks 
column. The USCS classification would not be affected by this variation in terms. 

5.2.2 Color 

Soil colors shaM be described utilizing a single color descriptor preceded, when necessary. by a modifier 
to denote variations In shade or color mixtures. A soil could therefore be referred ID •• gray" or "light 
gray· or "blue-gray.. Since color can be utilized in correlating units between sampIng locations, • is 
important for color descriptions to be consistent from one boring to another. 

Colors must be deSCI ibed while the sample is still moist. Soil samples shall be brokerJ or split vertically to 
describe colors. SampIerI tend to smear the sample surface creating color variations betvleen the 
sample Interior and extertor. 

The linn "II'II:6d"' IhII be &lied 10 InIbte I0Il ~ ...-a with SpoIl of -..r4 c:&cri. 'MDag 
ka .... UIU8IIy 1ndk.llll poar -*" MCi lick of good ..... 

801 Color Ch8r1I'" not be UIed ..... 1pecIIIed bf lie Pn:Jjed n.l8QIf'. 

I.U ReIatM Denelty and eon.l8tency 

'To deIIIfy the re/atMt density and/or consistency of a 101, the geologist Is to Irst Identiry the 101 trPe. 
Granular solis contain predomNntIy sandI and graveII. .They .. noclCOhellve (perticIeI do not ..... 
wei when ~ F',,*-grained IOiI8 (lib and d8y1) n cohesive (perticIeI wi! adhere togeIher 
when compressed). 

The density of nollcoh .. Ive, granuIIr l0III11 cIuIIIed accon:IIng to atandIIrd pen.don .... as 
obtained from spII-twr.l18f11)Ing performed accordllg to the method, det.Ied In Standard Opetallllg 
Procedures GH-1.3 _ SA-1.3. Thole designations n: 

019611". Ten Tedl NUS, Inc. 
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Designation Standard PenetraUon 
R •• lstance 

(Blows per Foot) 

Very loose Ote4 

Loose 5 to 10 

Medium dense 11 to 30 

Dense 31 to 50 

Very dense Over SO 

Standard penetration resistance is the number of blows reQuired to drive a split-barrel sampler with a 2-
inch outside diameter 12 inches into the material using a 140-pound hammer falling freely through 
30 inches. The sampler is driven through an is-inch sample interval. and the number of blows i. 
recorded for each 6-inch increment The density designation of granular soils is obtained by adding the 
number of blows required to penetrate the last 12 inches of each sample interval. It is important to note 
that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged in the tip. the 
resulting blow count will be erroneously high. reflecting a higher density than actually exists. This shall be 
noted on the log and referenced to the sample number. Granular soils are given the USCS classifications 
GW. GP, GM, SW, SP, SM. GC. orSC (see Figure 1). 

The consistency of cohesive SOIls is determined by performing field tests and identifying the consistency 
as shown in Figure 2. 

Cohesive loils are given the USCS classifications ML, MH, CL. CH, OL, or OH (see Figure 1). 

The consistency of cohesive soils is de18rmined either by blow counts, a pocket penetrometer (values 
bted in the table as Unconfined Compressive Strength), or by hand by detenninlng the resistance to 
penetration by the thumb. The pocket penetrometer and thumb determination methodl are conducted on 
a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the split-barrel sampler. The 
...... shall be broken In half and the thumb or penetrometer pushed Into the end of the sample to 
delet •• i.1he c:onsIstency. 00 not determine consistenq by allmptiil8 to penetnaa rock hgmanl If 
....... '- decompoMd rack. I II cIaItIfted .. a 10ft decompoMd rock raIher ... a hard 101. 
Conlilt.nc:y shall not be detalli ... IOIeIy by blow countI. One of .. oller methods .... be UIId In 
c:onjunction witt.. The desigll8tioi II used to describe the consistency of cohesive soils .. shown In 
Figure 2. 

1.2.4 WalghtP~'" 

In nabn, lOIs are compr\Ied of partIcIeI of varying size and shape, and are c:ombinationI of the various 
grain types. The following terrnllI8 useU In the deIc:ripUon of 101: 

Terms of Identifying Proportion Of the Defining Range of 
Component Percentaa- by WeIght 

TrIICI 0·10 pen:ert 
Some 11 - 30 percent 

Adjective fonn of the 101 type (e.g., -sandy") 31 - 50 percent 

O,.,1JP Ten Tech NUS, Inc. 
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FIGURE 2 

CONSISTENCY FOR COHESIVE SOILS 

Con.t.tency Standard Unconfined F1etd IdentIfICItIon 
Penetration Comp ..... lv. 
R .... tanc. StNngth 
(Blows per (TonalSq. Foot by 

Foot) pocket 
pen.tratlon, 

Very soft o to 2 Less than 0.25 Easily penetrated several inches by fist 
Soft 2 t04 0.25 to 0.50 Easily penetrated several inches by 

thumb 
Medium stiff 4 to 8 0.50 to 1.0 Can be penetrated several inches by 

thumb with moderate effort 

Stiff 8 to 15 1.0 to 2.0 Readily indented by thumb but 
penetrated only with great effort 

Very stiff 15 to 30 2.0 to 4.0 Readily indented by thumbnail 

Hard Over 30 More than 4.0 Indented with difficulty by thumbnail 

" ' 

", 

" , -- ' , 
" , 

, 
' --

" --
" , 

" 

-- --
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Examples: 

• Silty fine sand: 50 to 69 percent tine sand, 31 to 50 percent silt. 

9 of 20 
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• Medium to coarse sand, some silt 10 to 80 percent medium to coarse sand, 11 to 30 percent silt. 
• Fine sandy silt, trace clay: 50 to 58 percent silt, 31 to 49 percent fine sand, 1 to 10 percent clay. 
• Clayey silt, some coarse sand: 10 to 89 percent clayey silt, 11 to 30 percent coarse sand. 

5.2.5 MoI.ture 

Moisture content is estimated in the field according to four categories: dry, moist, wet, and saturated. In 
dry soH, there appears to be little or no water. Saturated samples obviously have all the water they can 
hold. Moist and wet classifications are somewhat subjective and often are determined by the individual's 
judgment A suggested parameter for this would be calling a soil wet if rolling it in the hand or on a porous 
surface liberates water, Le., dirties or muddies the surface. 'Nhatever method is adopted for describing 
moisture. it is important that the method used by an individual remains consistent throughout an entire 
drilling job. 

Laboratory tests for water content shall be performed if the natural water content is important. 

5.2.6 Stratification 

Stratification can only be determined after the sample barrel is opened. The stratification or bedding 
thickness for SOIl and rock is depending on grain size and composition. The classification to be used for 
stratific:ation description is shown in rlgure 3. 

5~7 Textu...n=abrtcIBeddlng 

The texturelfabriclbeddlng of the soil shall be described. Texture is described as the relative angularity of 
the pertidaI: rounded, lubrounded, aubangular, and angular. Fabric IhIII be noted .. to whether the 
J*tIcIeI .. flat or buIty and whether thn II a particUIr nIIaIion bet1 ... ~ (le., .. the tat 
PIftdes .. pnIeI or .... II lOIN CIIMi""""). The ~ or IInDn IhaII -.0 be noted ("g., 
1trIIIIed.IenIed, noIlSbatillld, heterogetleOUS varved). 

1.2.1 Summary of Sol Claaalflcatlon 

In unmary, sols shaI be cIasIHIed In • similar manner by each geoIogisVengineer at. project lite. The 
tUerarchy d classification is as follows: 

• 0enIIy and/or c:onsiItency 
• Color 
• Plasticity (Optional) 

• Soitypes 
• MoiIbn c:ontent 
• StJatibtioli 
• TexIln, fabric, bedding 
• Other distingu~ing futures 

01.11. Tetra Tedl MJS,Inc. 
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FIGURE 3 

BEDDING THICKNESS CLASSIFICATION 

Thlekn ... Thlekneu CI ... lftc.tIon 
(metrtc) (Approximate 

English Equivalent) 

> 1.0 meter > 3.3' Massive 
30 em • 1 meter 1.0'-3.3' Thick Bedded 

10 em· 30 em <4" • 1.0' Medium Bedded 
3 em -10cm 1" -4" thin Bedded 
1 em·3cm 215" • 1" Very thin Bedded 

3mm·1cm 1/8"·215" Laminated 

1 mm·3 mm 1132"·1/8" Thinly Laminated 

< 1 mm <1/32" Micro Laminated 

(Weir, 1973 and Ingram, 1954) 
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Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic. Sedimentary rocks 
are by far the predominant type exposed at the earth's surface. The following basic names are applied to 
the types of rocks found in sedimentary sequences: 

• Sandstone - Made up predominantly of granular materials ranging between 1/16 to 2 mm in diameter. 

• Siltstone - Made up of granular materials less than 1/16 to 11256 mm in diameter. Fractures 
irregularly. Medium thick to thick bedded. 

• Claystone - Very fine-grained rock made up of clay and silt-size materials. Fractures irregularly. Very 
smooth to touch. Generally has irregularly spaced pitting on surface of drilled cores. 

• Shale - A fissile very fine-grained rock. Fractures along bedding planes. 

• limestone - Rock made up predominantly of calcite (CaC03). Effervesces strongly upon the 
application of dilute hydrochloric acid. 

• Coal - Rock conSisting mainly of organic remains. 

• Others - Numerous other sedimentary rock types are present in lesser amounts in the stratigraphic 
record. The local abundance of any of these rock types is dependent upon the depositional history of 
the area. Conglomerate, halite, gypsum, dolomite, anhydrite. lignite. etc. are some of the rock types 
found in lesser amounts. 

In classifying a sedimentary rock the following hierarchy shall be noted: 

• Rock type 

• Color 
• Bedding thickness 
• Hardnea 
• Fracturing 

• Weathering • Other charadIet~lIfriltlcaBtk~ 

5.3.1 Rock Type 

M described above. 1herI are numarous types of sedimentary rocks. In most cases. • rock will be • 
combination ~ ...,.,.. grIin types, thelafoIe, • modifier such as • sandy 1iItstcne, or • lilly sandstone 
can be UHd. The modifier Indicatee that, IIgnillcant portion of the rock type II composed of the modifier. 
Other modifiers can include carbonac:eouI. c:aIcareoul, siIic:eous, etc. 

GraIn Iize II .,. balta b' the Cllilltlcldon of daItic sedImeIDry rocIcI. figure 4 II .,. Udden
Wentworth c:IasIification that wi! be _Igned to sedimentary rockI. The~ boundaries n lightly 
different than the uses IUbdiviIIon for toil cIasIIftcation. For field detarrnilMIIion ~ gram .... a scale 
can be used for the cone graNd rocks. For example, the division between sItstone and c:IIystone may 
not be measurable in the field. The boundary ahaH be determilleCI by use 01 a hand IenI. If the grains 

. cannot be seen will the naked eye but n distinguishable with • hind lens. .. rock II a...... If the 
grain, .... not d'lItinguishabie wIIh a hand lens, the rock II 8 claystone. 

Ten Tech NUS. Inc. 
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FIGURE .. 

GRAIN SIZE CLASSIFICA nON FOR ROCKS 

Partlele Name GraIn Size Diameter 
Cobbles >54mm 
Pebbles 4·&4mm 
Granules 2·4mm 
Very Coarse Sand 1·2nm 
Coarse Sand 0.5·1 mm 
Medium Sand 0.25 ·0.5 mm 
Fine Sand 0.125·0.25 mm 
Very Fine Sand 0.0625·0.125 mm 
Silt 0.0039 • 0.0625 mm 

AfterVVenhworth.1922 
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The color of • rock can be determined In a simil.r manner .s for soil samples. Rock core samples shall 
be classified while wet. when possible. and air cored samples shall be scraped clean of cuttings prior to 
color classifications. 

Rock colOr charts shaD not be used unless specified by the Project Manager. 

5.3.3 Bedding Thlckne •• 

The bedding thickness designations applied to soil classification (see Figure 3) will also be used for rock 
classification. 

5.3.4 Hardness 

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition of the 
rock. A relatiVe scale for sedimentary rock hardness is as follows: 

• Soft - Weathered, considerable erosion of core, easily gouged by screwdriver. scratched by fingernail. 
Soft rock crushes or deforms under pressure of a pressed hammer. This term Is always used for the 
hardness of the saprolite (decomposed rock which occupies the zone between the lowest soil horizon 
and firm bedrock). 

• Medium soft - SIght erosion of core. slighUy gouged by screwdriver. or breaks with crumbly edges 
from lingle hanvner blow. 

• Medium hard - No core erosion, easily scratched by screwdriver. or tnaks with sharp edges from 
single hammer blow. 

• Hard - Recpra MVd hammer blows to break and has sharp conchoidal tnaka. Cannot be 
IOItdIed wIIllCr'ftIdIIvw. 

Nola the 6rence in usage here of the works "Ictatch" and -gouge.. A sc:mch shall be considered • 
IIIgN i:JepIlllian in '" rock (do not miake the ac:raping off of rock leu tam drtIing will alCl1llch In the 
rack bell). while a gouge II nu:h deepir. 

1.3.5 Fracturtng 

The degree of frac:Iuring or brokenness of. rock fa desc:ribed by rneastmg .. hctureI or joint 'pacIng. 
AItM elrniNlting drlllng breaks, the average spacing II calculated and the hcturtng II descrtbecI by the 
following term8: 

e Very broken N. SR.) • Leu than 2-h:h IpeCIng between hctInI 
• Broken (SR.). 2-h::h to 1-1:1ot IpecIng baM ... hctu ... 
• Blocky (eL) -1- to 3..fOot IpecIng betw ... , hclureI· 
e Massive (M.) - 3 to 10-foot apKing between hcturw 

01ts1111P Tm Tech NUS,Inc. 



$uo;.d 
GH-1.5 

BOREHOLE AND SAMPLE LOGGING 

The structural integrity of the rock can be approximated by calculating the Rock Ouality Designation 
(ROO) of cores recovered. The ROO is determined by adding the total lengths of all p~. exceeding 
4 inches and dividing by the lotallength of the coring run, to obtain a percentage. 

Method of calculating ROD 
(After Deere, 1964) 

ROD" • rll x 100 

r .. Total length of all pieces of the lithologic W1it being meesurec:I, which Ire greater than 
4 inches length. and have resulted from natural breaks. Natural breaks include 
sflCkensides, joints, compaction slicks, bedding plane partings {not caused by drining}, 
friable zones, etc. 

I = Total length of the coring run. 

S.3.6 Weathering 

The degree of weathering is a Significant parameter that is important in determining weathering profiles 
and is also useful in engineering deSigns. The following terms can be applied to distinguish the degree of 
weathering: 

• Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no staining and rock 
has a bright appearance. 

• Slight - Rock has IOrT18 staining which may penetrate several centimeters Into the rock. Clay ftIing of 
joints may occur. Feldspar grains may show some alteration. 

• Moderate • Most 01 the rock. with exception 01 quartz grains, Is stained. Rock Is weakened due to 
weathering and can be easily broken with hammer. 

• Severe • AI rock ilcluding quartz grains Is stained. Some of the rock Is weathered to the extant of 
beCOI •• lSI. 101. RGCk II WIY 'lMIIk. 

1.3.7 
~~'., .. 1oJ:' .. ~' .,'", 

i. _~ 

• Detctfption 01 cont.ct between two rock unIa. TheM cen be Iherp or ....,. ... 
• Sta allflc::etlw (parallel. Ct'OIt ltIatified). 
• Detctfption of Itrf lied cNtiII 01 vup. 
• een.lIIiItioI. (ceIceNout, ""'., "'helllljrlll.IfilI1icIie). 

• Detctfption of Itrf Jc*1II or open hct&nI. 
• 0beeI~ 0I1he presence offoslil. 
• NoIatIon of jDinCI with depth. Iippimoxidrl,rtl8-1B engle to horizontal, Itrf ninenII ~ or coating, end . 

degree of wUlhemg. . 
, -.:. ". . ..: :,. -,---

., ).. ~ ~ . 
AI Inton1laticn Ihown on the boring legs'" be neat to the point whIR I CIft be rwp'Oduced an • copy 
machine for report ",eselltation. The data shall be kept current to pRMde c:antroI of the drIIng program . 
and to Indicate varicuI .... requirfng special eonsideratJon and tamping. . - . . 

011811", Ten Tedl NUS, Inc. 
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5.3.8 Additional Tennl Used In the Oelcrlptlon of Rock 

The following terms are used to further identify rocks: 

• Seam - Thin (12 inches or less). probably continuous tayer. 

15 of 20 

Err.ct;w c.. 
06199 

• Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For example. rock 
composed of seams of sandstone (70 percent) and shale (30 percent) would be "sandstone - some 
shale seams.-· --

• Few - Indicates inSignificant (0 to 15 percent) amounts of the accessory material. For example. rock 
composed of seam of sandstone (90 percent) and shale (10 percent) would be "sandstone - few 
shale seams." -

• Interbedded - Used to indicate thin or very thin alternating seams of material occurring in 
approximately equal amounts. For example. rock composed of thin alternating seams of sandstone 
(50 percent) and shale (50 percent) would be "interbedded sandstone and shale." 

• Interlayered - Used to indicate thick alternating seams of material occurring in approximately equal 
amounts. 

The prececling sections descnbe the classification of sedimentary rocks. The following are some basic 
names that are applied to igneous rocks: 

• Basalt - A fine-grained extrusive rock composed primarily of calcic plagioclase and pyroxene. 

• Rhyolite· A fine-grained volcanic rock containing abundant quartz and orthoclase. The fin~rained 
equivalent of a granite. 

• Granite - A c:oarse-grained plutonic rock consisting essentialy of alkali feldspar and quartz. 

• DiorIIIe • A C08J»{jiai itid piutonic rock cor.tiltilg .... nllaly d ~ ~iocI8M Md hornblende. 
," 

• Slate - A very f'M..grai'ted fohted rock possessing • wei developed slaty cIe8vage. Containa 
predominantly chIorII. mica, quartz. and Mricita. 

• PhytIte • A ftne.grained foIatecI rock that splits ido thin flaky ,heetI with • silky Iheen on cIeav.ge 
surface. 

• Schilt. -.A medUn 10 cO."'t,8illed foIaIed rock witt ......... lRW~of III micacIouI 
minerals which dorri_ .. c:ompoeIIor.. . . 

.• Gneiss - A coarse-greNd toIated rock wIh bands rich In granular and platy minerals. 

• Quartzite - A line- eo coae-grained nonlaiatad rock breaking across gnIns, consilil"8 euentiIIIy of 
quartz .. nd with IIIcI cement. 

01181 'lIP Tetra Tedl NUS. Inc. 
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5.4 Abbrtvlation. 

Abbreviations may be used in the description of • rock or lOiI. However, they shag be klpt at a minimum. 
Following ate some of the abbreviations that may be used: 

C · Coarse U - Light VI · Yellow 
Med · MedIum BR - Broken Or · Orange 

F · Fine BL - Blocky ss - SandltDne 
V - Very M - Massive Sh · Shale 

SI · Slight Br - Brown LS - Umestone 
Oc:c · Occasional BI - Black Fer - Fine-gr.ined 

Tr · Trace 

S.S Boring Logs and Documentation 

This section describes in more detail the procedures to be used in completing boring logs in the field. 
Information obtained from the preceding sections shall be used to complete-the logs. A sample bOring log 
has been provided as F"lgure 5. 

The field geologist/engineer shall use this example as a guide in completing each boring log. Each boring 
log shall be fully descOOed by the geologist/engineer as the boring is being drilled. Every sheet contains 
space for 25 feet of log. Information regarding classification details is provided either on the back of the 
boring log or on a sepande sheet, for field use. 

5.5.1 Sol Clanllcltlon 

• Identify site name, boring number, job number, etc. Elevations and water level data to be entered 
when IUrveyed data II available. , 

• EntIr .... 1UIIbIr.Chm SPT) .... appqw.~. ~ dIpIt ... YfII ...... ~ 
. (1 block -1 ta). FmcIoIIII I:l cag.. L .. , chIngI tllhoIogJ • 13.7 lilt. .... be lined 01 lit IhI 

proporloulflDcllllail bill ...... 13- ... 14-foat -a. EnIIr ...... _idad PlNllnllbt 
ReIiItance) cIagonIIy (.Ihown). Standard pet"'IIIon,"li:~" ~~~ ~~; -~_ 

• D ..... min. ~ nKlOWIY,..,..IIngth.1hown. ........ tallllIngII tI .... ~ .. 
from the ... III 00 n ...... , including mafIItfIIIln the drive Ihoe. Do not Include cuaInga Or wah 
material that nwy be In the upper portion of the .... tube. 

. . ::. '. ' .• ~ '''t-'~~.:-- ~ o.{ .i ,,~,-: ·.·::"'~h, ... ~ ..... • 

• Indicate Wft change In III\oIogy by drawing • Ina • the lIPpIopria&e depIh. For aan",·1f clayey .. 
was enc:ounIIrId tom 0 to &.5 fMt n shale from 5.5 to e.O ..... 1M IhIII be drawn lit .. 
inCIenMIIIl This Information II helpful In the c:onstniction of ~ .I!ICtb ... ·· AI lin demdve, 
symboII may be UMd to Identfy each change In 1hoIogy. 

-: ... - - .. ~.",-" "',>£.-.' 'i'~' ".;. ~~'... ..t"~' . ~ , '~;' -~ , . :h<'..1· ~~~-.,..'r-""'" )~-':I'& ·1 -.'l,.~oo;t""~ ~, • !;p.;" .... ,'; .. The denIly of pUar IOiII is obtai IeCf by adding the number 01 bloWs tor ....... twO 1nc;remeI1ta.-• 
Refer to DenIily of Granufar SolI a.t on back of. log Iheet. For col ... rq of c:oheIiYe loll"'" 
also to the back of log Iheet - ConIiItency of Cohesive SoIL EntBr .. idonnation under the· 
appropriate c:oIurM. Refer to SectIon 5.2.3. 

,. ., ~ -

0188111P Tetra Tech NUS. Inc. 
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FIGURES 
COMPLETED BORING LOG (EXAMPLE) 

BORING LOG 

PROJECT NUUIER: --i~pl]!i.Jr".i"''':&'';'';':-----OATE: S 1&1 §{, 
PROJECT NAME: )lS8· ,IT£ BORING NUMBER:' !lal M.., , 

DRILLING COMPAHV: _....;s::.O;::.:':.;::I.~T~;.z::'.,...:.....:CD~:.... ___ GEOLOGIST: $,l C,oNT' 

~w~ ~ _;==c.f."'="'=-=.:!!!s~=:;:;::===DR;;;:;ILLER:=~·_,_ ~. ROCk 
MATERIAl DESCRIPTION .......... -, -~--... - N .. .,-___ -. 

.,.,..., ~- ~ -...-, ---- ~., ., ,,. ...... - -'--- _CIon ........... 

u 
• c 
• · 

Remarb 

!Q2--

TIInt Tedl MJS. Inc. 
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1 

• Enter color of the material in the appropriate column. 

• Describe material using the USCS. Limit thit COfurm for aample description only. The predominant 
material is descn'bed last. If the primary soil Is silt but hal fin .. (clay) - use dwt~ silt. Limit toil 
d8$Criptorl to the following: 

- Trace: 0 - 10 percent 
- Some: 11 - 30 percent 
- And/Or: 31 - SO percent 

• Also Indicate under Material Classification if the material it till or natural soils. Indicate roots, organic 
material, etc. 

• Enter uses symbol - use chart on back of boring Jog as a guide. If the 80111 fal Into one of two basic 
groups, a borderline symbol may be used with the two symbols· separated by I slash. For example , 
MUCL or SM/SP, 

• The following information shall be entered under the -Remancs" column and shaD include, but is not 
limited by, the following: 

- . Moisture - estimate moisture content using the following terms - dry, moist. wet and saturated. 
These terms are determined by the individual. Whatever method is used to determine moisture, 
be consistent throughout the log. 

- Angularity - describe angularity of coarse grained par1iclel using the tanns angular, subangular, 
subrounded, or rOunded. Refer to ASTM 0 2488 or Earth Manual for criteria for these lenns. 

- Particle shape - flat. elongated, or ftat and elongated. 

- Maximum particle Ilze or dimension. 

f i. -': .~: .. 
.- ,,.. .... ---- " ;--~ - - ~ ..... . 

i. i,",~.;:' ~ ....... ':... . ..: • 
~-,- ............ - .. ~ ':" --..... ~. ... ---- ... _ ...... ~ - - '#.~ 

I 

'; .",," f 
IndIc:aII odor If1d PhofoIonIz.aon Detector (PIO) 01 Flame IonIz.aan Det8cIar, (FIOl...av. i 
appIcabIe. '... ::' ~: .. '. ·--i >f ': ..... -. : ".' .. ; 

~ _ __ _ M •• _ • • ~. .. :.'._ _ ~ , 

Indicate InY c:hInge it IthoIogy by drawing • Ine through. the IIhoIogy -.. ~ and 
indIc8IIlhe depIh.. lNI,wI MIp when croa 1 •• 11 .. ~ ~ ..... : I 

~.: .'--~- ... ~ .;- ',_.' -- ,- -.,. -·'·-t-'t-l}" f-~-·~--·i-~-i·-' 

- No the ~ iI the~ .1i1cficIte type of rig, drtIng methOd.'~· __ . .t.t _~ ~,'!'I ' 
other UIef1A InbmatIon (1.1., boIlIhoIe lIze, ~ ... chInges it ~ P'IIIDd). . "'_ 

,;:.~ 
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• Vertical lines shall be drawn (as shown in Figure 5) in columns 6 to 8 from the bottom of each 
sample to the top of the next sample to indicate consistency of material from sample to sample. if 
the material is consistent. Horizontal lines shall be drawn if there il a change in lithology, then 
vertical lines drawn to that point 

• Indicate screened interval of well, as needed, in the lithology column. Show top and bottom of 
screen. Other details of well construction are provided on the wei construction forms. 

5.5.2 Rock Clalllflcation 

• Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate core run 
depths by drawing coring run lines (as shown) under the first and fourth columns on the log sheet 
Indicate ROO, core run number, ROO percent. and core recovery under the appropriate columns. 

• Indicate lithology change by drawing a line at the appropriate depth as explained in Section 5.5.1. 

• Rock hardness is entered under designated column using terms as described on the back of the log 
or as explained eartier in this section. 

• Enter color as determined while the core sample is wet; if the sample is cored by air, the core shall be 
scraped clean prior to describing color. 

• Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks use terms as 
described iri SectIon 5.3. Again, be consistent in classification. Use modifiers and additional tenns 
as needed .. For igneous and metamorphic: rock types use terms as described in Sections 5.3.B. 

• Enter brokenness of rock or degree of fracturing under the appropriate column using symbols VBR, 
BR, Bl, or M as explained In SectIon 5.3.5 and as noted on the back of the BorIng Log. 

• The following information shall be entered under the remarks column. hems shall include but are not 
Imited to the following: 

• Inc:IIc*II depIht of joIn&a. bctureIlnd a..Ica Ind also appack1_ to hoim" angle (such • 
high. low), I. •.• 70· MgIe from hortzonlll. high Ingle. 

• ~ calanoul zonee. dMcriptIon of eny cavIiea or wga. 
• IndIc8te MY IaeI or geIn of ...... 
• IncIcatII drop of drtI tooII or change in color 01 cHI water. 

• Remarks at the boClom of Boring Log shall include: 

• Type and IIze of core obtaIIled. 
• Depth c:amg was set. 
• Type of rig used. 

• AI. tlnal cheCk the boring log IhaIInclude the following: 

011511JP 

Vertical lines shall be drawn 81 explained for soil classiftcation to iMIcate conlilteilcy of bedrock 
material. 

If .ppIi_. Indicate screened IntiIrYIIIn the IIhoIogy coIurm. Show top and bottom of ICt8M. 

Other deIIiII of wei c:onltrUdlon .re provided on the wei c:onetruc:tIon forma. 

T ..... Tech NUS, Inc:. 
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5.5.3 CI ... lf1catJon of Soli and Rock from Drtll Cuttings 

The previous HCtionI deIcrI:Ie proc:ecIuret for classifying soil anet roc::k SImples when com 11"1 obtained. 
However, some driling methods (alrlmud rotary) may require clalSif'ation and borehoIIlogging based on 
identifying driB tuttinga rerncNed from the borehole. Such cuttings provide only generII Information on 
subsurface lithology. Some procedure. that ,hal be fIOIIowed when logging cuttings n; 

• Obtain cutting samples It approximately 5-foot intervals. aieYt the c:uttInga (If nul rotary dnlilng) to 
obtain a cleaner sample, place the sample Into I sman sample bottle or "zip lock'" bag for future 
reference. and label the jar or bag (I.e. hole nUmber. depth. date,' etc.). Cuttings shall be closely 
examined to determine general lithology. 

• Note any change in COlor of drflllng fluid or cuttlngs. to estimate changes In lithology. 

• Note drop or chattering of dnlling tools or a change in the rate of drfning, to determine fracture 
locations or lithologic changet. 

• Observe loss or gain of dnlling fluids or air (if air rotary methods are used). to identify potential 
fracture zones. 

• Record this and any other useful information onto the boring log as provided in Figure 1. 

This logging provides a general description of subsurface lithology and adequate Wormation can be 
obtained through careful obseMItion of the drilling process. It Is rec:onvnended that apIt-barrel and rock 
core sampling methods be used at selected boring locations during the fteId imt litigation to provide 
detailed information to supplement the less detailed data generated through borings drIIId using airlmud 
rotary methods. 

I.' 
Upon completion of the boringIloga, copIet IhaI be made and reviewed. Items to be reviewed Include: 

u 
": '", ' .... : "':"J~ '. 

" .. • _.... '.",,:~ l~ ~: '. > 

UnHIed Sol Cla .. ifIcaIion SyIIIm (USeS). 

ASTM 02488, 1885. 

Earth Manual, U.S. DepertmenI of the interior, 1974. 

711 RECORDS 

011811'" T ..... Tech NUS. Inc. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TETRA TECH NUS, INC. 

STANDARD 
OPERATING 

PROCEDURES 

GROUNDWATER SAMPLE ACQUISITION AND 
ON SITE WATER QUALIlY TESTING 

Number 
SA-1-1 

Et'ledive OIte R."lSlon 
06199 

~plieability 

Tetra Tech NUS, Inc. 

Prep.red 
Earth Sciences Department 

TABLE OF CONTENTS 

SECTION 

10'27 

4 

1.0 PURPOSE ......................................................................................................................................... 2 

2.0 SCOPE ............................................................................................................................................... 2 

3.0 GLOSSARY ........................................................................................................................................ 2 

4.0 RESPONSIBILmES .......................................................................................................................... 2 

5.0 PROCEDURES .................................................................................. _ .............................................. 3 

5.1 GENERAL ....................................................................................................................... 3 
5.2 SAMPLING, MONITORING, AND EVACUATION EQUIPMENT ................................... 4 
5.3 CALCULATIONS OF VVEll VOLUME ........................................................................... 4 
5.4 EVACUATION OF STATIC WATER (PURGING) .......................................................... 5 
5.4.1 GeneraI ............................................................................... _ ......................................... 5 
5.4.2 Evacuation Devices ........................................................................................................ 5 
5.5 ONSITE WATER QUALITY TESTING ........................................................................... 7 
5.5.1 Measurement of pH ........................................................................................................ 7 
5.5.2 Measurement of Specific Conductance ........................................................ : ................. 9 
5.5.3 Measurement of Temperatura ...................................................................................... 11 
5.5.4 MeasurernInt of Disaolved Oxygen ............................. _ .. _ ................................... _ .. 11 
5.&.& ........ of~ Pa, ................... _ .................. · ............ _ ........ 13 
5.5.8 ........ of Turbidity ................................................ _ ....................................... 14 . 
5.5.7 ........ 01 Selnity .................................................. _ ........................................ 15 
5.8 SAMPLJHG ....................................................................... _ ... _-... __ ............. _ .. 18 
5.8.1 SarnpIng PIIn ................................................................... -__ ............. _ ............ ~._._. 18 
5.8.2 SarnpIng MethodI ........................................................................................................ 17 . 
5.7 LOW FLOW PURGING AND SAMPUNG ......................................................... ~ .......... 18 
5.7.1 Scope & AppIcaUor ................................................................................................ _ ..... 18 
S. 7.2 EquIprIwt. ....................................................................... _ ......................... _ ........ _ 18 
5.7.3 PuJving n Sampling Proceclure~ ..................................... - ...................................... - 18 

'.0 REFERENCES ____ .................... __ ........... __ ............................ _.----•• -.-_ 21 

ATTACHMENTS 

A PUROfNG EQUIPMENT SElECTION ........................... __ .............. _ •• - ................ 22 
B . SPECIFIC CONDUCTANCE OF 1 MOLAR KCI AT VARIOUS TEMPERATURES ....... 25 
C VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER 

AS A FUNCTION OF TEMPERATURE AND SALINITY ._ ........................................ 28 

Tetni Tedl NUS,Inc. 



-
Subied Number Page 

-

GROUNDWATER SAMPLE $A·1·1 20f27 
ACQUISITION AND ONSITE Revision E~OItII 
WATER QUALITY TESTING 4 06J99 

1.0 PURPOSE 

The purpose of this procedure is to provide general reference information regarding the sampling of 
groundwater web. 

2.0 SCOPE 

This procedure provides information on proper sampling equipment, onsite water quality testing, and 
technique. for groundwater sampling. Review of the Infonnatlon contained herein win facilitate planning 
of the field sampling effort by describing standard sampling techniques. The techniques described shall 
be followed whenever applicable, noting that site-specific conditions or project-specific plans may require 
modifications to methodology. 

3.0 GLOSSARY 

Conductivity - Conductivity is a numerical expression of the ability of an aqueous solution to carry an 
electric current This ability depends on the presence of ions, their total concentration, mobility, valence, 
and relative concentrations, and on temperature of measure. Conductivity is highly dependent on 
temperature and should be reported at a particular temperature, i.e., 20.2 mS/cm at 14C. 

Dissolved Oxygen (00) - 00 levels in natural and wastewater depend on the physical, chemical, and 
biochemical activities in the water sample. 

OXIdation-Reduction Potential CORP) - A measure of the activfty ratio of oxidizing and reducing species as 
detennined by the electromotive force developed by a noble metaf electrode, immersed in water, as 
referenced against a standard hydrogen electrode. 

2!=! -The negative logarithm (base 10) of the hydrogen ion activity. The hydrogen ion activity is related to 
the hydrogen ion c:oncentJaliOIi, and, In a relatively weak solution, the two are nearly equal. ThUl, for aU 
practical purposes, pH Is • measure ot the hydrogen ion concentration. 

pH Paper - Indicator peper that turns difl'entnt coIots depending an h pH d the IOIuIIon to which • Is 
• , ... COinpnon wlhcolor ..... ~ ~ ... ~ .. _~ ~~.~ d 
blG1ulon'a pH. , . ........ " .;... ;'!: ~.-'''- _ 

If • .. • . 

~ - SIInIy II ....... properlJ d InduItriII Ind nIIInI ~ -. II, '" ~ d 
~ ......... gMn .... d scUan. ... : rnoet fteId ~ 4d1,ii.~ ....., ..a.1IIcIIIy 
tom conducIvly tnd IlmpelIIture. 'The displayed __ .. be cIIpIIyed ...... .,.. per ~ 
(ppt) or " (e.g:. 35 ppt wlIqUII3.5%). . - ,~ ~ 

Turbidly - Turbidity in water Is caused by IUIpended maCIer. such. dIy ...... ~ tnd ~ 
maIIr. Turbidly II .. expessJon the Qpdc:aI property .. aues !WIt eo be IC8IIered ,n IbIcned 
raIher Ihan tranImitted in a straight One through the sample. 

4.0 RESPONSIBLITIES 
~',.;)": ') <,'--:', 

Protect Hydro_alit - Responsible for selecting and detailing the .pecIic groundwa •• r .... .pie", '" 
tec:tnquea. anile WIdIr quaIIr tesling (type. frequency; and 1ocIIIan), 8nd equipment to be used, n 
pIOVidIng detailed Input In till Ng8t'd to the project plan documenIs. The projec:t hydra~gist Is alia 
NSpOnIIbIe for properly brIeIIng Met overteeJng the perforrnarK:e of the ... ~ perIOI ..... 

01.11" Ten Tech NUS, Inc. 
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Project Geologist - is primarily responsible for the proper acquisition of the groundwater samples. He/she 
is also responsible for the actual analyses of onsite water quality samples, as well as instrument 
calibration, care, and maintenance. When appropriate, such responsibilities may be performed by other 
qualified personnel (e.g., field technicians). 

5.0 PROCEDURES 

5.1 General 

To be useful and accurate, a groundwater sample must be representative of the particular zone of the 
waler being sampled. The physical, chemical, and bacteriological integrity of the sample must be 
maintained from the time of sampling to the time of analysis in order to keep any changes in water quality 
parameters to a minimum. 

Methods for withdrawing samples from completed wells include the use of pumps, compressed air, 
bailers, and various types of samplers. The primary considerations in obtaining a representative sample 
of the groundwater are to avoid collection of stagnant (standing) water in the well and to avoid physical or 
chemical alteration of the water due to sampling techniques. In a non-pumping well, there will be little or 
no vertical mixing of water in the well pipe or casing, and stratification will occur. The well water in the 
screened section will mix with the groundwater due to normal flow patterns, but the well water above the 
screened section will remain isolated and become stagnant To safeguard against collecting non
r~presentative stagnant water in a sample, the following approach shaD be followed prior to sample 
acquisition: 

1. 

2. 

3. 

All monitoring wells shaH be purged prior to obtaining a sample. Evacuation of three to five 
volumes Is rec:onvnended prior to sampling. In a high-yielding groundwater formation and where 
there Is no stagnant water In the well above the screened section, extensive evacuation prior to 
sample withdrawal is not as critical. 

For weill that can be purged dry, the wei IhaI be evacuated .xi allowed to reQOVtr prior to 
..... acquiIIIDn. If the NCCMIIY .... II ,.., ..... evacuation d mora thIIft one WUnI d 
__ II r.quRd. 

For ...."ieldlllg moullDling weill wtich C8MOt be 8V8CI18tad to dryneu .... II no IIbIoIIIII 
aat'egu8rd ~ contemi1aling the urnpIe wIIh __ .... t ..... One d .. foIIowIr.g IIc:hriqIM 
shill be UI8CI to ninimize .. poalblly: 

• A IUbmerIi:IIe pump or the Intake Ine of. surface pump or baler shill be pIKed just below 
the ...... aurf8c:e·when nMTIOVIng the ._It __ ancIloweled ........... dropI. 
Three to Ive volumes of water IhII be nN110Yed to provtde reaeonable anurwa hit II 
Magnant water hal been evacuated. Once this II ~ •• beiIer or other approved 
device may be used to collect the sample for analysis. . . 

• The Intake .. d the IIft1IIIID pump (or the IUbmnibIe puI11) beI)'" be pIac»d ... the 
boIDm of the ICI'MtIed Mellon, and appoximateIy one c:aing YOIume of nter shill be 
pumped. tom the well II a low purge rate, equal to the wert recovery rate (low flow 
sampling). 

Sballftc:lllon or c:ontanW1IntI may exIIt In the equIer. Conc.llbatlon gradietds ... result of mixing and 
disper1lon proceSHI. iayers of variable permeabilty, and the presence of sepatlte-phaae product (I ••. ; 

Tetra Tech NUS,Inc. 
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ftoating t'lydrocarbons) may cause stratification. Excessive pumping or improper sampling methods can 
dilute or increase the contaminant concentrations In the recovered sample COf1l)8red to what is 
representative of the integrated water colurm as it naturally occurs at that poin~ thus the result is the 
collection of a non-representatlYe sample. 

5.2 SlmpRna. Monilortna. and EVicuatJon Equipment 

sample containers shan conform with the guidefines expressed in SOP SA-8.1. 

The following equipment shaD be on hand when sampling groundwater weBs (reference SOPS SA-6.1 and 
SA-7.1): 

• Sample packaging and shipping equipment - Coolers for sample shipping and cooling, chemical 
preservatives. appropriate sampling containers and filler, ice, labels and chain-of-custody documents. 

• Field tools and instrumentation - Multi-parameters water quality meter capable of measuring ORP, 
pH, temperature, 00, specific conductance, turbidity and salinity or individual meters (as applicable), 
pH paper, camera and film (if appropriate), appropriate keys (for locked wells), engineer's rule, water 
level indicator. 

• Pumps 

Shallow-weR pumps: Centrifugal, bladder, suction, or peristaltic pwnps with droplines, air-lift 
apparahls (compr8ISOf' and tubing) where applicable. 

Deep-wel ~ Submersible pump and elecbical powef'.getl8lalilg unit, or bladder pumps 
where appIiaIbIe. 

• Other sampling equipment - Bailers and inert line with tripod-pulley asserrtiy (if necessary). 

• Pals - PIaIIIc. graduated. 

• Decontamination 1OkJIonI- Deionized wa\w,potabIe _. IIItIof1iPr ~I'I""" .10'4 nIric acid 
1OluIIon( •. ~.end."""""IOlyent( .. g.,~"'",,~,,~ 

.• ~ ro:-~ .;t:~ .. : .: 

1dMIIy. semple ........ ~ .... be COt1lPI."" Inert, ecouornicll....ay ..... dMned prior 
to we. .... _ .,. to ..... It rwnae. .... ~ .. IbMnc:e Gf. PIM'I' ~ ......... of 
deh.tngwrtlbllt ........ IugIng-...... c ... a.,.?', ~~-:~: ~~::~,:~>~.:., ;!:~~.~.' .' ".~ ~~~.. ..-

1.3 catcullllonl of WeI Volume 

To i1a&n .... fIRIPII' __ of ....... been renKNed tan ..... prior to _._ •• II tnt 
necelM'Y to know III ¥Obne Gf _d1g water In the well pipe. ThiI wUnI. can be ...., c:abUted by 
the faIowing fI1Ih)d. caa ..... IhIIII be entered In the ... IDGbOC* 0I1eid noteboc* or on. sample 
log sheet fonn (1M SOP ~ 

• DetermIne wei 01 cuing diameter. 

• Measure and reconI ataiIc water level (depth below grcMld level or top d casing refnnc:e point). 

0188UIP TetrI Tedl NUS, Inc. 
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Determine depth of well by sounding using a clean, decontaminated, weighted tape measure. 

Calculate number of "near feet of static water (total depth or length of well pipe minus the depth to 
static water level), 

Calculate one static wen volume in g8110ns V = (0.183 XT 1-2) 1 

where: V 
T= 

r 
0.163 

• 

= 
= 

Static volume of well in gallons. 
Thickness of water table in the well measured in feet (i.e., linear 
feet of static water). 
Inside radius of wen casing in inches. 
A constant conversion factor which compensates for the 
conversion of the casing radius from inches to feet, the 
conversion of cubic feet to gallons, and pi. 

• Per evacuation volumes discussed above, determine the minimum amount to be evacuated before 
sampling. 

5.4 Evacuation of Static Water (Purging) 

5.4.1 General 

The amount of purging a wen shan receive prior to sample coBection will depend on the Intent of the 
monitoring program and the hydrogeologic concfltiona. programs to determine overaD quality of water 
resources may require long pumping periods to obtain a sample that is representative of a large volume of 
that 8qUifer. The pumped volume may be specified prior to sampling 10 that the sample can be a 
composite of a known volume of the aquifer. Alternately the well can be pumped until the parameters 
such as temperature, specific conductance, pH, and turbidity (as applicable), have stabilized. Onsile 
measurements of these parametarl shall be recorded In the lite logbook. field notebook, or on 
atIIIld8rdized.......·· . , 

" '. 

The taIowIng dllcllAIon II Imbd to thole· devic:eI CClIiiilOllly used It haurdOuI··..... ...... 
AItact.rnent A provides guidance on the proper evacuation dM:e to UN tar given IMIPi Ig IIudonI. 
NcU th8t .. of theM techniquellnvolve equipment which II portable and reedIy aveIIbIe. 

~ 

BaIerI are the HnpIest evacuation devices used and have nw1Y advantageI. They generally consist of 
• length of pipe with • aeaIecI bottom (bucket-type bailer) or, • II more useful and favored, with • ball 
chec:k-valve It the bottom. Art Inert nne II used to lower the biller Wld retrteYe the sample. .... '. 

Advanlagel of baIIetIlncIude: 

• Few lmitItJonl on size Ind materials used for ballerl. 
• No external power soun::e needed. 
• . BIIiIerI .. inexpenIM, and can be decflC8ted and hung in • wei to reduce the challCe8 of crou-

contamination. 

T ..... Tech NUS, Inc. 
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• There is minimal outgassing of volatile organics while the sample is in the bailer. 
• Bailers are relatively easy to decontaminate. 

limitations on the usa of bailers include the following: 

• It is time consuming to remove stagnant wlter using a bailer. 
• Transfer of sample may cause I81'8tion. 

eo'27 

• Use of bailers is phys~ demanding, especiany in warm temperatures at protection levels above 
Level O. 

Suction Pumps 

There are many different types of inexpensive suction pumps including centrifugal, diaphragm. and 
peristaltic pumps. Centrifugal and diaphragm pumps can be used for wei evacuation at a fast pumping 
rate and for sampling at a low pumping rate. The peristaltic pump is a low volume pu~ that uses rollers 
to squeeze a flexible tubing, thereby creating suction. This tubing can be dedicated to a well to prevent 
cross contamination. 

These pumps are all portable, inexpensive and readily available. However, because they are based on 
auction, their use is restricted to areas with water levels within 20 to 25 feet of the ground surface. A 
significant Umitation Is that the vacuum created by these pumps can cause Significant loss of dissolved 
gases and volatile organics. 

Air-lift Samplers 

This group of pump samplers uses gas pressure either i11he annulus d the well or in I venturi to force 
the water up • sampling tube. These pumps are also relatively i1expenaive. AJr (or gea)-lft aampletl are 
more suitable for well de\'8lopment than for sampling because the samples may be aerated, leading to pH 
changn and subseqUent trace metal precipitation, or lola of volatile organics. 

Submerllbll Punps . 
. ' 

SUbn .... JUI1JI- In __ n puM ...... up ........ m ........ ~1be .... ' 
........... · ..... -rbeOOi • .,. ..... paor __ . The ............. "L.,., ... ._._at 01 lie .... an be by an I ....... bIIddIr. IIdInO ................ ., a. •••. 1. 
Pwnpe nl'V.'.tII tJr 2-i~ well and..-gar. ,... pumpI CIft 1ft .... tom conllderable 
depIw(~""fIIQ. .'. ......,.i- .;-;;(:; :.,:".~ 

• - .~ "';A.. ~.-.. 
lit • ..,. .. 01 thII cIIIII d ..... 1ncIude: 

• They may haw Iowdelvery riles. 
• Many modeII d .... JUIlIIn _..,..ltftelM ....... ,.,.. 
• Con1:M •••• d gas or electric power II needed. . . 
• SedImInl it ... ,., C8UM clogging of the Y8IveI or eroding the ....... wIt! lOme of these 
~ .. . 

• DecontaninaIion dlnBnll COftlJOI .... can be diIIIcUt and~. 

01118111P Ten Tech NUS,Inc. 
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This section describes the procedures and equipment required to measure the following parameters of an 
aqueous sample in the field: 

.pH 
• Specific Conductance 
• Temperature 
• Dissolved Oxygen (00) 
• Oxidation Reduction Potential (ORP) 
• Certain Dissolved Constituents Using Specific Ion Elements 
• Turbidity 
• Salinity 

This section is applicable for use in an onsite groundwater quality monitoring program to be conducted at 
a hazardous or nonhazardous site. The procedures and equipment described are applicable to 
groundwater samples and are not, in general, subject to solution interferences from color, turbidity, and 
colloidal material or suspended matter. 

This section provides general information for measuring the parameters listed above with instruments and 
techniques in common use. Since instruments from different manufacturers may vary, review of the 
manufacturer'S literature pertaining to the use of a specific instrument is required before use. 

1.5.1 Mealurement of pH 

5.5.1.1 General 

Measurement of pH is one of the most important and frequently used tests in water chemistry. Practically 
every phase of water supply and wastewater treatment such as acId-base neutralization, water softening, 
and COIJOIion control II pH dependenl lbwIse, the pH of IIachMe c:anbe coiTeIated wiIh other 
ct .. ,_ 8n8iyMI, to d"llmine the probtbII eoun:e 01 c:oriarnNtion. ....... impot'tMt thet 
realcwlIIbiy 8CQDti pH ~ be tIUn. 

Two rnethodIlIe given for pH measurement: the pH metiIr and pH ~ldk:ab~. The IridIc8tor piper 
II used when trit • raugb estimMI of the pH II requRd. and the pH ...... when • men -=-
rneeuement II needed. The IWIponI8 of. pH IIIIIIr can be ItreceId to alight dagIM by high .... of 
coIakIII or suspandId IOIdI. but the effect II UIUIIIy Im8II anct ... ..,.., of .. IIgnIIcance. 
Consequently, apeciIc nlllhodl to OYeIcomI Ihia 1nterfec.1Ce ere not deIatbed. The response of pH 
peper II wldec:tlld Ir/. dIIian InIerferancea from color, UbIdIty, coi1oidai or _pended malariall ..... uti"""" high levels capable of coating or making '" paper ... anccuntIIed. In·auch caMat we of a 
pH meter II r.convnendad. 

5.5.1.2 Pri!Cipl!! of Equipment Operation 

Ute of pH pepn for pH mNeurement reIieI on a c:hel/ical reaction caused by the acIdIly 01 alc8llnlly of 
the aIIIon created ~ .. addition of the water sample reacting wiIh the indicator compound on the 
paper. Vartoul typal d pH papers .. available, Including IInu (for genanII addJty or aIkaInity 
det8nnination) and spec:Iic pH range hydrion paper. 

Tetre Ted! MJS, Inc. 
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Use of a pH meter relies on the same principle as other iOn-speclnc electrodes. Measurement relies on 
establishment of a potential difference across a glass or other type of membrane in response to (in this 
instance, hydrogen) ion concentration across that membrane. The membrane is conductive to ionic 
species and, in combination with a standard or reference electrode, a potential difference proportional to 
the ion concentration is generated and measured. 

5.5.1.3 Equipment 

The following equipment is needed for taking pH measurements: 

• Stand-alone portable pH meter, or combination meter (e.g., Horiba U-10), or combination meter 
equipped with an in-line sample chamber (e.g., YSI 610). 

• Combination electrode with polymer body to fit the above meter (alternately a pH electrode and a 
reference electrode can be used if the pH meter is equipped with suitable electrode inputs). 

• Buffer solutions, as specified by the manufacturer. 

• pH indicator paper, to cover the pH range 2 through 12. 

• Manufacturer's operation manual. 

5.5.1.4 Measurement Techniques for Field Oetennination of pH 

pH Meter 

The following proc:edure II used for measuring pH with a pH meter (meter standardization Is according to 
manufactu...,.. 1nstructionI): 

• Inspect the Instrument and batteries prior to initiation of the field etrort. 

• Check lie InIegfIJ of ... buffer IOIuIIonI UNcI for tIeId eAlIb'. Buffet IOlIIIonI need to be 
a.lgedollft ....... afcllgt....., ......... 111 .... u4 .... ; .':;J~ . . ,,"" ~ .. ,lt<-

. :.~~t.f.-:l t~ • . ;;, • i;."';;-' "'::. :(').~.:: .: ' .. >'&.~~~~. 

• If 1IIPk._ ....... aI eIectroIytIlOIuIonI wII*' lie ~., ............ Met 
.. no .., bIMIeI .. JII'W88"t wIt*IN eIIctrodI(l" . " ~ -.+ . -,. ';': ,- ~. 

-........ _._. ~. ;; :;.~~I.~. .. .~ ~~ .:.. "~f"'" ': •. ~: .~, ":r!-~:::";:':!' ~.;;..::--,~ t f:.l"\ ..... t·;cr1'f -"_' 

• C8IIbnIIe on .dIIIf ....... 'Cor · .. r.co.m.ldIfd: I¥. ~ 'ol_nil .~ .. 
iIItrUctJonL Reccirdcallntlondataonan.equlpmncallnllonlog .... - ,,"~-' >;": - " '-~' 

• ImmetM the 1Iecfrode(1) In the ...... IIowtt IIIrring 1M probe ... lItpH .,_ .. -"$tebIzaliOn 
rrwy take MVenllIICaIMilIo mnutIe. If the pH conbJea 10 drlt.1IhIn1pIe· ........ 1NIJ not be 
stable •• physical ruction (e.g .• ctegalllng) InIJ be ~ place ... the ...... ar the ..... or 
electrode nwy be rnatrunc:IIcIrq. This mutt be c:t.tt noted In the logbook. 

_ ",4 ... '. ____ . 

• ReIKI Met record the pH of the sample. pH Ih8II be recorded to the ....... 0.01 pH _ NMJ record the..,.."""""" . --" ... .,' u :"", - •• ,.",," .' , ••••• , ..... , .. ,'" ..... ': ~:' 

• RInM the eIectIode(l) wilhdeionized water. 

• Store the eIectrode(.) ... .n appropriate manner when not In UH. 

O1I1UJP T ..... Tech NUS. Inc. 
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Any visual observation of conditions which may interfere with pH measurement, such as oily materials, or 
turbidity, shall be noted. 

pH Paper 

Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH paper is 
available in several range., Including wide-range (indicating approximately pH 1 to 12), mid-range 
(approximately pH 0 to e, e to 9, 8 to 14) and narrow-range (many available, with ranges as narrow as 
1.5 pH units). The appropriate range of pH paper shall be selected. If the pH is unknown the 
investigation shall start with wide-range paper and proceed with successively narrower range paper until 
the sample pH is adequately determined. 

5.5.2 Measurement of Specific Conductance 

5.5.2.1 

Conductance provides a measure of dissolved ionic species in water and can be used to identify the 
direction and extent of migration of contaminants in groundwater or surface water. It can also be used as 
a measure of subsurface biodegradation or to indicate alternate sources of groundwater contamination. 

ConductiVity is a numerical expression of the ability of a water sample to carry an electric current This 
value depends on the total concentration of the ionized substances dissolved in the water and the 
temperature at which the. measurement Is made. The mobility of each of 1M various dissoIvecI ions, their 
valences, and their actual and relative concentrations affect conductivity. 

It Is Important to obtain a apecific conductance measurement soon after taking a sample, since 
temperature changes, precipitation reactions, and absorption of carbon cflOxide from the air all affect the 
specific conductanc:e. 

5.5.2.2 Pli .... of EQUipment Operation 

An 8qUIOUI "*'" ~ leN wII conduct an eIedrtc c:wrW4. In. dr1Ic:t-cuiirit ieid, the PoiIIIve . 
lana rI1igIa toward the negative electrode. while the neptiveIy charged IotiI mignD toward the podive 
eIedrode. Molt llaorgIIlIc acids. __ and .... (Iuett • hydroc:htorIc acld.1OCIUn cnoe-. or IOdium 
cNoridI. ~) nl'8laltvely gOod conductotI. ConverIeIr. orgInIc ~ eUch·. IUCrOIe 
or benzene. wtich do not disiocJa18 in aqueous solution. conduct. current wry pocq, 'at aI. 

A conductance eel and • ~,. BrIdge (for the measurwnent of ........ dlR.nee) may be UMd 
tor .....nrn.nt of **leal llullt8llCe. The ratio of CUIWIt appIed to ¥OIIage acroa lie eel may alto 
be used •• ,..". of c:onduc:tance. The core element of the ..... II the c:onductIYIy eel 
containing the "*'lIon of Int8rea DependIng on ionic strength of the acp.,. .. IOIutJon to be 1iIIaed, a 
potIIntIaI dIr ... a II deYeIoped 8Cr08I the cell which can be converted direcCIy or lndilrecay (depending 
on InItMnent type) to. rne&IUAIm8nt of IpecIIIc condudBnce. 

Tetra Tech NUS, Inc. 
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The following equipment is needed for taking specific conductance (SC) measurements: 

• Stand alone portable conductivity meter, or combination meter (e.g., Horiba U·10), or combination 
meter equipped with an in-line sample chamber ( •. g., YSI610). 

• Calibration IOIution. .. speeifted by the manufacturer. 
• Manufactur8f's operation manual. 

A variety of conducllvlty meters are avalable which may also be used to monitor saI~.and temperature. 
Probe types and cable lengths vary, 10 equipment must be obtained to meet the specific requirement of 
the sampling progtam. 

5.5.2.4 Measurement Techniques for Specific Conductance 

The steps involved in taking specific conductance measurements are listed below (standardization is 
according to manufacturer's instructions): 

• Check batteries and calibrate instrument before going into the field. 

• Calibrate on a daily use basis (or as recommended by manufacturer), according to the manufacturer's 
instructions and record an pertinent information on an equipment calibration log sheet. Potassium 
chloride solutions with a SC closest to the values expected in the field shall be used for calibration. 
Attachment 8 prtMdeI guidance in this regard. 

• Rinse the eel witt one or more portions of the saqJIe to be tested or with deionized ..... 

• Invnerse the eIedrode In the sample and measure the conductivity. Adjust the ~rature setting to 
the ample ..,..,.,.,e (I appIicebie). ' 

• Read and record the rasuIIs in a field logboOk or 5af11JIe log Iheet. 

If lie ipIc:IIc candlidenCi meaurernents become ............ , ........... _~'1Ie 
menufec:bnI'I inIInIc:Ic3M tor...... : 

• ' •• ' .. ;, < ..... _··~w,..." ... ':'·;r·~. '-:: 

;,~ .~. :::·~r·-<.~k-~ .~ .:;:'\;~ ::.~"; ~ ~ 

":~·'l'.:~·~t ~~(, ~ .. ' ~~:·;1·':~-- ~~,--~,: 

5.5.3.1 

In cornbIMIion witt oller .,...."..... IeqMnbn CIn be • ..u .. ~ fA III .. ftad Of biologic. 
ectIon In • WIIiIr....... n CIn Il1O be UNcI to nee .. low dncIIon afCOlII.,,,lIiabrl ~. 
Temperatura ........,. .. 1hII be taken In-sIu. or. quIcIdy .. poll" In '" ..... CdIeded WIIIIr 
umplel m.y IIIPkIr equIIbr8Ie wIIh the IeqMnbn d ... ~ . . ~~~:<... .-;.;>-~ oi', . 

<: - . ; . .J'. r;;;~~ ... ;·t~;~: :+;. !!<~'/._.~,1!. ':4{~-«" llt .. ~" '" :. 

5.5.3.2 EQUP!!nI 

Temperatura ~ rnIY be taken with IIcohoI-toIuene merc:wy lied or dIIII\fpe thet'InometMa. 
In IddItIon. YariouI metert such IS speciftc c:onduc:t8nCe or dIIIotied 0ItYgeFI ........ which have 
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temperature measurement capabilities, may also be used. Using such instrumentation along with suitable 
probes and cables, in-situ measurements of temperature at great depths can be performed. 

5.5.3.3 Measurement TechnIQues for Water Temperature 

If a thermometer is used to determine the temperature for a water sample: 

• Immerse the thermometer In the sample until temperature equilibrium is obtained (1-3 minutes). To 
avoid the possibility of cross-contamination, the thermometer shall not be inserted into samples which 
will undergo subsequent chemical analysis. 

• Record values in a field logbook or sample log sheet. 

If a temperature meter or probe is used, the instrument shall be calibrated according to manufacturer's 
recommendations. 

5.5.4 Measurement of Dissolved Oxygen 

5.5.4.1 General 

Dissolved oxygen (00) levels in natural water and wastewater depend on the physical, chemical and 
biochemical activities in the water body. Conversely, the growth of many aquatic organisms as weU as 
the rate of c:orrosivity, are dependent on the dissolved oxygen concentration. Thus, analylil for dilsolved 
oxygen is • key test in water poRution end waste treatment process control. If at a. possible, 00 
measurements shall be taken in-liW, since concentration may show a large change in a short time if the 
sample Is not adequately preserved. 

The monitoring method discussed herein illmited to the use of d"1SSOIved oxygen meters only. Chemical 
method. of analysis (i. ... 'Mnlder methods) are available, but require more equipment and greater sample 
manipulation. FurthennOIe. DO metera. using a menlbral18 electrode, are suitable tor highly polluted 
watBrI. becallS8 IhI probe is completely 1UbfnerII)Ie. InCI II not susceptible to Interference caused by 
color, turbidly. coIaideI matIIrfeI or tuspendId ...... 

5.5 ... .2 PrincipI!! of Equipment Opetatioll 

DiIIoIved oxygen probes .. normeIy ~ celli that have two IOIId ...... eIedrodea d 
c1iffe"tnt nobIly mrnersed In ... elecbdytB. 1111 ..... cAytlll .. taIned by In ~ 
memInne. The metII of highest ~ t1he cathode) II polilioned • the membI... When. luitIbIe 
poeentt.I exIItI baL_,1M two metals. reduction of oxygen to ~ Ion (Ott) ocean. the cathode 
Nfacl:i Aft ...,k:III cum II deYeIoped ttiet II cIrecII1 propcdoI'" to lie ..... tIl ItI'fv8I of GXytII'I 
moIecuIeI at the CIIIhodI. 

Sia'the CUlM produced in the probe II dftclly proportioIl8I to the ,. of amv.I of oxygen at the 
.... hode,III IlilipOl .... IIII. hIh tupplyof sample ~ be In contiIct witt the menDai .. , att. ... . 
lie oxygen'ln lie lCllieoc- __ 1IIonf" IMI."' •• II quIcIdy depIeIMI Md ,.. 'tow ..... an 
obtained. It II ...... nee ... aIY to stir hi sampII (or the probe) c:onstanay to mIInIIIn n.h IOIution 
near the ~. 1neerfIIcI. StIrrIng, however, ahaI not be 10 vigorous tMt additional oxygen II 
Introduced through the air-water Interface at the ~ surface. To avoid IhiI poaI)Iity, some probes 
... equipped witt ItIr'rn to agita18 the ICMon ,... the probe. while leaving the surface of the IOIution 
undIItuIt:Ied. -

TeIrI TecII NUS. Inc. 
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Dissolved oxygen probe. are relatively unaffected by Interferences. Interferences that can occur are 
reactions with oxidizing gal.1 (Iuch as chlorine) or witI'! gases luch as I'Iydrogen sulfid., which are not 
Nslly depolarized from the indicating electrode. If I gaseous Interference Is suspected, it shall be noted 
In the field log book Ind checJ(ed if possibte. Temperat\n vlriation~ can "so cause interference 
because probes exhibit temperature sensitivity. Automatic temperature compensation " normally 
provided by the manufacturer. 

5.5.~.3 Equipment 

The following equipment is needed to measure dissolved oxygen concentration: ! 

• Stand alone portable dissolved oxygen meter, or combination meter (e.g., Horiba U-10), or 
combination meter equipped with an in-line sample chamber (e.g., YSI 610). 

• Sufficient cable to allow the probe to contact the sample. 
• Manufacturer's operation manual. 

5.5.4.4 Measurement Tecl'!niques for Dissolved Oxygen Determination 

Probes differ as to specifics of use. Follow the manufacturer's instruaions to obtain an accurate reading .. 
The following general steps shall be used to measure the dissolved oxygen concentration: 

• The equipment lhall be calibrated and have its batteries checked before going to the field. 

• The probe shall be conditioned in a water sample for .. long • period II p.8CticaI before UN in the 
field. long periods of dry Itontge foIowed by short periodl of UN In the field rrwy result In ineccurate . 
rMdIngI. 

• The Instrument shall be calibrated in the field ec:cordIng to nnufecturer'I rec:ommendation or In • 
freshly Iir-satunded water sample of known f8mperat\n. 0III0Ived oxygen ..... b' Iir-Nlurated 
W8t8r can be detlm.18d by CDn8UIIIng • lllbllilting oxplatr" .. a fundIon of tempetaturw 
and.-lnilr(IM~'II!IItC).. . .. - ... ;",-"",'k.i>! c·····:.,·..;:····· _ -~.". '"'~ -:... .... . ,.,j, 

.~ .• ~~~. t ~~ ,.,,,~~"":t ~f~~> .'.',:)I:"";'~ 

• Record II p8Itinent tlbll"". an .. equipment ............ 

• RNe the probe witt cfeIoIiIzed ..... 
:. ,~.'... " ~ •. _ • r- . • ~ .......... ~~< ,~r.- .,.".- :r: , .... ~:.:'";. ';' :~",:;·,r ; .• t : .~: 8~:: .. 

•. IrnrnerM'" probe.1n the .... Be ... ·to provide lor ~ low .. the memInne br ........ ' 
1M ...... PRIbu wIhout ItIrrw'a placed it WIll can. ~ ~ up ~ down.. .. -.-

.. - '" ~ ." - .. . . ..... 

• Recard the dIIIoIved oxygen c:ontIId Md ~ of .......... aleld logbook or ""'Iog aheet. . . 

• R.InIe the ptobe with deionized water. 

• R.c.r. tiI-PrQt,. when the ft" ....... II ~ .• ;;.~~ .,..-~~'.~:.~~~~ 
lnstrucIIonI. ...• . ~ . - ~:.; ," .'. ...:' . 

"_,, . ..,;i:.- ....... ..;t 

0181tW Tetra Tech NUS, Inc. 
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Note that in-situ placement of the probe Is preferable. since sample handling is not involved. This 
however. may not always be practical. Be sure to record whether the liquid was analyzed in-situ. or if a 
sample was taken. 

Special care shall be taken during sample collection to avoid turbulence which can lead to increased 
oxygen solubilization and positive test interferences. 

1.5.$ M.asurement of Oxidation-Reduction Potential 

5.5.5.1 

The oxidation-reduction potential (ORP) provides a measure of the tendency of organic or inorganic 
compounds to exist in an oxidized state. The ORP parameter therefore provides evidence of the 
likelihood of anaerobic degradation of biodegradable organics or the ratio of activities of oxidized to 
reduced species in the sample. 

5.5.5.2 Principles of EqUipment Operation 

When an inert metal electrode. such as platinum. is immersed in a solution, a potential is developed at 
that electrode depending on the ions present in the solution. If a reference electrode is placed in the 
same solution, an ORP electrode pair is established. This electrode pair allows the potential difference 
between the two electrodes to be measured and is dependent on the concentration of the ions in solution. 
By this measuremen~ the ability to oxidize or reduce specie. in solution may be determined. 
Supplemental measurements, such as dissolved oxygen, may be correlated with ORP to provide a 
knowledge of the quaity of the solution, water, or wastewater. 

5.5.5.3 Equipment 

The following equipment is needed for mealuring the oxidation-reduction potential of a solution: 

• PoRIbIe pH ....., OIequMIenI. wIIh • ~ 1C8Ie.. " 
• PIIIIrun eleclrode II» albcM pH ...... 
• Rellrence elecbadllUCh •• caIamII. 1IIver-tlYer chIortde, or equivaIert. 
• Reference dillon _..-:-" by the manufacturer. 
• ManufecIurw'I opei........... '. . . ,~. 
5.5.5.4 MeaslnnM T!Chnigu!I tor 0xIdati0n-Redud PotentaI 

The following procedln II UI8d for rneuurIng oxIdation-reduc putIiI ...... 

• The equipment shaI be c:aIibrat8d and have Its batteI in checked before going to the 1eId. 

• Check that the pIaIiun probe II clean n that the platinum bond or tip II ~ If dirty. poIiIh 
with emery pII*' art f "llllry. cleM the .~ un. aqua ... nIIrtc acId;«dwamlcacld, In 
accordance wIh rIWIIfadurer'. NtructionI. 

• Thoroughly rtnM the eIec:trode with deionized weter. 

•. Verify the MnIitivity d .. eIedrocIeI by noti1g the change In miIiYOIl ruding when .. pH of the t8st 
IOIutIon It IItInd. The ORP wi ineRtn when the pH of the teet toIuIian decrtilUl, and the ORP 

O118UIP Ten Tech NUS, Inc. 
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will decrease If the test lOIutlon pH Is Increased. Place the sample in I clean container and agitate 
the sample. Insert the electrodes and note the ORP drops sharply when the caustic is added (i.e .• pH 
is raised) thus indicating the electrodes Ire sensitive Ind operating ptOpet1y. If the ORP increases 
sharply when the caustic Is added. the polarity Is reversed and must be corrected In ac:c:ordance with 
the manufacturer's Instructions. If the ORP does not respond IS .bow when the caustic is added, 
the electrodes shan be Cleaned and the above procedure repeated. 

• After the assembly has been checked for sensitivity, wash the electJodei with three Changes d water 
or by means of I flowing stream of deionized water from • wah boCIIe. Place the I8nlN in • clean 
container and insert the elec:trodea. Set temperature c:ompenutor throughout the measurement 
period. Read the mlllivolt potential of the solution, .,Iowlng suftlelent time for the system eo stabiize 
and reach temperature equHlbrium. Measure successive portions of the sample until readings on two 
successive portions differ by no more than 10 mV. A system that is very slow to stabilize property will 
not yield • meanIngful ORP. Record.1 results In • field logbook or sample Iogsheet, Including ORP 
(to nearest 10 mV), sample temperature and pH at the time of measuremenl 

5.5.6 Measurement of TurbIdity . 

5.5.0.1 General 

Turbidity is an expression of the optical property that causes light to be scattered and absorbed rather 
than transmitted in a straight line through the sample. Turbidity in water is caused by suspended maller, 
such as clay, silt, finely divided organic and inorganic matter, soluble colored organic compounds, and 
rnk:roecopic organisms, Including plenJdon. 

It is impottant to obtain a turbidlly ruding immediately after taking • aampIe.1i1c:e irreversible changes in 
1urbidity rrrIf1 occur If the sample Is stored too long. 

5 .. 5.6.2 Principle! of Equipment Operation 

5.5.8.3 egutpment 

-. 

• aand alone portIIbII tufbkIty meter, or c:ofnbinatIon meter (e.g •• HarbI U-10). or eombinaIIon meier 
equipped wtIh ., In.Ine sa. chamber (e.g., YSI 81). . .. : ,. . 

- '. ~'.~ .~ ~ f! .. ' .' 
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The stepllnvolved in taking turbidity measurements are listed below (standardization is according to 
manufacturer's InstructiOns): 

• Check batteries and calibrate instrument before going into the field. 

• Check the expiration date (etc.) of the solutions used for field calibration. 

• Calibrate on a daily use basis, according to the manufacturer's instructions and record all pertinent 
information on an equipment calibration log sheet 

• Rinse the cell with one or more portions of the sample to be tested or with deionized water. 

• Immerse the probe in the sample and measure the turbidity. The reading must be taken immediately 
8S suspended solids will settle over time resulting in a lower, inaccurate turbidity reading. 

• Read and record the results in a field logbook or sample log sheel Include a physical description of 
the sample, including color, qualitative estimate of turbidity, etc. 

• Rinse the electrode with deionized water. 

5.5.7 Measurement of Salinity 

5.5.7.1 General 

~ .e unItIeA property oIlnduttrtal and naCLnI ..... It II the ~ 01 diIICIIved .... in • 
gIwn .... 0I1OIuIon. Noel: Molt fteId mefarI de.", .. I8InIly .. , .... taw conc:JucIHIy Ind 
...,...,...... The cIIIpIIyM wIue .. be cIIpI8yed in IIher pertI per ~ (ppI) or ~( •. g .• 85 ppt 
wII equal3.6~). . . . ~ . 

1.1.7.2 

SaInly II detennilled auIorneticaIIy from the mete(s conductivity and terr.,.abn ntadi ags according to 
aIgcdhrnI (found In StwJdM1 meIhocIa for the &amitJaIIon d~"" and WI ... .....". DependIng an .. 
,......,. the ,... ... cIIpIIared in eiIher ppt or %. The I8Inity ~ .. canted out In ""'101 
to the conductivity of standard seawater (conected 10 S • 35). 

1.1.7.3 Egutpment 

The following equipment II needed for SaInity measurements: 
.... . -. 

• Mulli-parametlr wItIr ciuafIy meter capable of measuring conductive. teI.!p8nIbn and convertlllg 
them to uBnlty (e.g., Horm U-10 or VSl610). 

• C8lblalion SoIuIIon. • spedfted by the manufacbnr. 
• Man""""'1 opei8llon manual. 

T ..... Tech NUS. Inc. 
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The steps involved In taking Salinity measurements are listed below (standardization is according CD 
manufac:tufer'. instruc:tionl): 

• Check batteries and calibrate before going Into the fteld. 

• Check the expiration date (etc.) ot the solutions used tor tieId calibration. 

• Calibrate on a dally use basts, according to the manufacturer'. instructions and record all pertinent 
information on an equipment calibration log shHt 

• Rinse the cell with the sample to be tested. 

• Immerse the probes In the sample and measure the salinity. Read and record the results in a field 
logbook or sample log sheel 

• Rinse the probes with deionized water. 

5.8 sampling 

5.6.1 Sampling Plan 

The sampling approach consisting of the following, shaH be developed .. part of the project plan 
documents which are approved prior to beginning wortc: In the field: 

• Background and objectives of sampling. 

• Brief description of area and waste charaderization 

• .-dc:;Ition d ..... IClea.onl, will IIIIP 01 "'*h, 8nd lPftcillble ... conatrucIon dill (WIll 
.... dIpIh. _lid InIIrVII. ..... teI .... ~). ;:<"'>., .;;; :: ..... ~:-. ;;) ~,,:<\'" ".:"': ~' .• '.' , ", 

: . ',~ •. ' -:IV'):~ ".:.. :~:'" A :e., , .. .;...: ";''!'''';~'~.~,,~~,-V~'W3!S.':t~''lVf 
•• 1II ...... _ ... 'IIII~ ........................ " ....... : ....... -· .... ~.~.;I . .:.1 .... ·'V 

tI.t.. ....... II UI*"'*' CIf nv--' • "-'10 eeca-a which fa;. 2 ••• .,..'Io,'t'ca 
..., be toIcMcL w.. ........... 1Inawn CIf ~ ~ d IM*Ia ~hIgNy.conIal ...... " 
hie .... be......., filet to Nduce lie rItk d c:rois-w ... i*iillll:ta:. ... ·~_,.w .. d .. 
I8ft1IIIng proceduNL 

• s..- """"l1li1011 ~ .... 

• Other Information" IUCh as the nec:essity tor • warrant or permiIIiQn. denby. ~ tor IPIl ..mpe.. access pobleml, location of keys, eIIc. ,.' , 

TeIrI TecIt NUS, Inc. 
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5.6.2 Sampling Methods 

The collection of a groundwater sample consists of the following steps: 

1. The site Health & Safety Officer (or designee) will first open the well cap and use volatile organic 
detection equipment (PIO or FlO) on the escaping gases at the wei head to determine the need 
for respiratory protection. 

2. When proper respiratory protection has been donned, sound the well for total depth and water 
level (using clean equipment) and record these data on a groundwater sampling log sheet (see 
SOP SA-6.3); then calculate the fluid volume in the well pipe (as previously described in this 
SOP). 

3. Calculate well volume to be removed as stated in Section 5.3. 

4. Select the appropriate purging equipment (see Attachment A). If an electric submersible pump 
with packer is chosen, go to Step 10. 

5. 

6. 

7. 

8. 

8. 

Lower the purging equipment or intake into the well to a short distance below the water level and 
begin water removal. Collect the purged water and dispose of it in an acceptable manner (as 
applicable). Lower the purging device, as required. to maintain submergence. 

Measure the rate of discharge frequently. A graduated bucket and stopwatch are most commonty 
used; other techniques Include use of pipe trajectory methods, weir boxes or tow meters. 

Observe the peristaltic pump intake for degassing "bubbles.· If bubbles are abundant and the 
Intake Is fully submerged, this PUrJ1) is not suitable for collecting samples for volatile exganics. 

Purge a minimum rI three to five casing volumes before sampling. In Iow-permeabtlity strata 
fL .. , if the wen is puqI8d to dryness), one volume will suffice.. Purged water shall be collected in 
• designated cont8Iner and dllposed In an acceptable manner. 

:;.: t.i". :....... '.. ..:." .•. .:: ~ . .: 

• ..,..,.ng uiIng • pwnp, lower the ~ InIIIke to mIdIcrMn (or .. midcIIe of the open MCIion 
In uncaed .... , n coIect the sample. If sampling witt • beier, bwer the baler to just below 
the water IUIf8ce. .• .' 

10. . (For JKII"4) Ind peeker assembly only). lowIr the .'embt/ Jnk) the ... 10 that .. pICMr II 
polll.ollid pst IIboYIIMt screen or open NCIaIt 1nfIIItt .. ~. FVge. volume equailo at 
least twice the ,creenld InIeMII (or unscreened open section voUne below the pacIcer) before 
~ PackIrIIhII always be teIt8d In • casing MCIion .bove ground 10 detain'. PrOper 
InfIaIIon ."...". for good ...q. 

11. 

12. 

01"111P 

In the event that recovery time rI the well it very IIow (I.g.. 2'- hours or greater). saqJie 
coIedIon can be delayed untI the following day. If the .. has bien ~ eq In the morning. 
sUftIdent ... ..., "_dig In the ... by lie day'a end 10 permI''''I' •• C .. t·· I the 
well IIIncapIbIe of producing • IUfIicIenI volume of umpIe at any lime, take 1Ie.1atVat quantity 
IYIiIabIe and record this occurrence In the _logbook. ~ -' .-'. 

Flsample c:ontainef1 (preserve and label as described in SOP.SA-8.1). 

Ten Tedl NUS, Inc. 
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13. 

1· .. 

15. 

Replace the wei cap and lock as appropriate. Make sure the well is readily identiftable as the 
source of the samples. 

Process sample containers as described in SOP SA-e.1. 

Decontaminate equipment II detcribed in SOP SA-7.1. 

'.7 Low Flow Purplna and Sampling 

'.7.1 8co~ & AppUcatlon 

Low flow purging and sampling techniques are sometimes required for groundwater sampling activities. 
The purpose of low flow purging and samping is to coiled groundwater samples that contain 
-repreaentatlve- amounts of mobile organic and inorganic constituents in the vic:inity cA the selected open 
well interval, at near natural flow conditions. The minimum stress procedure emphasizes negligible water 
level drawdown and low pumping rates in order to co8ect samples with minimal alterations in water 
chemistry. This procedure is designed primarily to be used in wells with a casing diameter of 2 inches or 
more and a saturated screen, or open interval, length of ten feet or less. Samples obtained are suitable 
for analyses of common types of groundwater contaminants (volatile and semi-volatile organic 
compounds, pesticides, PCBs, metals and other inorganic ions [cyanide, chloride, sulfate, etc.D. This 
procedure is not designed to collect non-aqueous phase raquids samples from well containing light or 
dense non-aqueous phase &quids (LNAPLs or ONAPLs), USing the low ftow pumps. 

The procedure is lIexibie for various well construction types and groundwater yields. The goal of the 
proc:ecIure is to obtain I turbidity level of less than 5 NTU and to achieve a water IeYII drawdown of less 
than 0.3 feet during purging and sampling. -If these goals cannot be achIeVed. sample coldon' can take 
place ptOYided U, fell_ling crieria in this procedure a~ met. 

&.7.2 equipment 

,.-. .~. , . . '''3.J: ::,~~/~~~ ~ • 

• ~"'bIe met. ........ PLIfq) ("g.. cendIgII or bIIIddIr ~ conItndId fl .... 2 '.'''' or 
T~ ~~., ~ ~;(1J . .} .. :t"'t< .~~.'4: ._:~" ~J : .. ~ ~ .... j. \·.~·)r· .~." ... ::~ ~ ~{:~ ~:;r~:L'-~ ~i. t·.JI-'i-~~ ~$"r 

.;.:."-j.;'i· ~~." -: '.--:(1',.:':-+ ~;t~ :-; ~. ':'~" :+, < .... -.<-> + .' ~ ." ,'·~·G:~ ~:,,' .:·:'J~1~- t~ .. ::-·: ~~.""' .. ~,;f(;'~o.:.:-
• DiIpoAbIe clew pIIIIc boIarri ......... "., be..ed to check tor _ ~"J __ ~ 
i orOHAPll. . ' .. 

..... . t:1':~ -- ~.' ~" ~:<-. - ~~ 4':""~ ',.. . •. ;,~: ..... .;~. ~~ ...... ! ~ , <·f'r." ·r!·'it'ro....,~,>. ': . .0: :~:.~, ·~·~lS ~~i·.lj "':' . ...., 

• :r~.!" .. TIIIIon. T..,.... ~~ paIyeIh).,P'JC, Tnon. ... In ......... CM be 
UMd to collet ....... b ~ depeI"lg an .......... be ............. ...,..., 
~: .' ~ _ .." :.:; .. ~ ...... :~. ~i ... :·..t;;,;;,.·.;: -:. :'-,_ .. .., ... 

. - ~ -.-.,e ~:., .. :f'.~. ::.;, !:fQ··~·~ ",' .. -. .. 

• water level measurtv device. 0.01 toot 1CaneY. (eIedroIlic deYaS .. ~p,"'·for bc:Idng ...... 
level dnIwdown cuq II ~ opeeatiot_).·. "1""< 

_' _ ,_._. .. . ..J.' .• 

, . ,:' -:: -::rT!';:~ 1('l '<u; Wi::;..' !''';:;.~~ 

- "-l' ~ ~ ...... , of - - .-
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• Power source (generator, nitrogen tank, etc.). If a gasoline generator is used, it must be located 
downwind and at a safe distance from the well so that the exhaust fumes do not contaminate the 
samples. 

• Indicator parameter monitoring instruments· pH, turbidity, specific conductance, and temperature. 
Use of a ftow-through ceU is recommended. Optional Indicators • ORP and dissolved oxygen, now
through cells required. Standards to perform field calibration of instruments. 

• Decontamination supplies. 

• Logbook(s). and other forms (e.g., well purging forms). 

• Sample Bottles. 

• Sample preservation supplies (as reQuired by the analytical methods). 

• Sample tags andlor labels. 

• WeH construction data, location map, field data from last sampling event. 

• Field Sampling Plan. 

• PID or FlO instrument for measuring voes (volatile organic compounds). 

'.7.3 Purging and Sampling Procedure 

Use a submersible PUf11) to purge and sample monitoring wells which have a 2.0 inch or greater weD 
casing cr. •.• 'er. 

Measure and record the water IeYeI immediately prior to placing the PU"l» in the well. 

~ .,....,...r.tr CIbIe. UIIng n ellcblclllne5 slowly Into the .. 10 that the pur11) !rUM illoc:aeId 
at .. cerW 01 ........... ~ IIngIh of the wei. '~QI'" keep the puq» rntIike at ... two feet 
abcMt .. baIDm of the ... to milli._ mobilization d sediment that nwy be present In the boIom 01 
the .... CoIIct " of ~ .......... may be dIIIcUt If there II ... feet or lea d ... ~ ... In...... _. _ ..... -... ' .. , -
When ....... pump, ~ Incre .. 1M pwnp Ipeed W1tI a dIIcharge occura. Check __ 1eveI. 
Adjust IUIIP speed m i._Gin .... or no ..... IMII chwdown. The target dnIwdown should be l1li 
... G.3 fill n Ilhould lIIbIIze If .. target of .... bin 0.3 fill CIMGt be achieved or malialnecl, 
.,. ..... II ICCIPtIbII r rwneInIng crI8rte In the procedunl .. met. SUblequent sampling nxNs 
wi probIbIy ... IntaIce IeIInga and exIractIon rates I1at .. COi.1p8i8bII m those used In the InItiII 
sampling raunda. 

MonIarWlllr IMI end pumpIne ,. fl(WllIN to ten ,.,..,.. (or ........... ) during purging. ReConJ 
~ .... -iIdjuitmentI8ftd deplhlto"". PumpIng rates should •• needed. be reduc:ed to OW 
ninmum c:apabIIIII of the pump (e.g., 0.1-0.2 llmin) to ensure ltabllzatlon of indicator ............. 
AdjuIInaIll .. belt' made In the ftr1t IIIMn minutes of pumping in order to ,. minimize purging time. 
During inIiII pufIl» start-up, drawdown may exceed the 0.3 feet target and then recover as pur11) low 
........... nwde (nininun purge volume c:aIcuIaUonIlhouid utlUllabi'ized d'8wdown v--. not 
'" 1n1111168M1aWn). If the rtchIrge ,. of the weI It l1li than ninlnUn c:apMIIIty d the pump do not 
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allow the wlter level to faR to the Intlke level (if the static water level is above the screen, avoid lowering 
the water level into the ICtetn). Shut orr the pump If either of the above is about 10 occur and allow the 
water level to recover. Repeat the proc:u. until field indicator parameters stabiliz. and tI'Ie minimum 
purge YOIume Is remoYed. The minimum purge volume with negligible drawdown (0.3 ... t or Ie .. ) it two 
uturatect screen length volumes. In IituatIons where the drawdown is greater I\In 0.3 feet and hM 
ltabltzed, the minimum purge volume II two limes the saturated screen YOIume plus the ltablized 
chwdown YOIume. AIW.". minimum pwge YOIume II aItaNcI (and fteId pat"""'" have mbilJzed) 
begin urnpIing. For low yieIdI_III, commence aampIIng .. soon .. the wei hal recoveted IUflclenlty 
to coiled the appropriate YOUnt tJr .. 8ftt1c1pated aampIa 

During weD purging, monitor tteld indicator parameters (turbidity, temperature, spedftc conductance, pH, 
etc.) every fIv. to tan ninu181 (or as appropriate). Purging is complete and sampfing may begin when all 
field inOtCator parameln have ltabiflzed (variations in values are within ten percent of each other, pH +/-
0.2 units, for three conMCUtive readingl taken at Itve to ten minute intervals). If the parameters have 
stabilized, but turbidity remains above 5 NTU goal, decrease pump flow rate, and continue measurement 
of parameters every five to ten minutes. If pumping rate cannot be decreased any further and stabilized 
turbidity values remain above 5 NTU goal record this information. Measurements of field parameters 
should be obtained Cas per Section 5.5) and recorded. 

VOC samples are preferably eoIIected first. directly into pre-preserved sample containers. FUI all sample 
containers by allowing the pump discharge to ftow genUy down the inside of the container with minimal 
turbulence. 

If the water column In the pump tubing collapses (Water does not completely til the tubing) before exiting 
the tubing, use one 01 the following procedures to coIect VOC samples: (1) Collect the non-VOCs 
sarnpIeI fnt. then Inc:reae the flow rata Incrementally WltiI the water coIurm ~ .. the tubing, 
c:oIIect the II~ and rwc::ord the new flow rate; (2) reduce the diameter fA the existing tubing until the 
water column fill the biIIng either by adding I ca.18dDr (Tefton or ItainIeIa ateeI). or clamp which 
Ihould reduce the tIatv .... by constricting the end fA the tubing; (3) inMrt I narrow diameter Teflon 1Ube 
infIo the pump's tubing so that the end of the tubing Is In the water column and the other end of the tubing 
proIrudeI beyond the ~'I tubing, collect aampIe from the narrow diarneW lubing. 

Prapent .. ,apia b ~. per SOP SA-e.1. 
........ '( ~.:-:.~_~,.._ •. ~~ -:t."~ .;::.~!' .. 

... "'~: JriW4¢JiICM ~~:c.A;. : • '4'. .'.~ .. ~, - .w..:.:.!-~ 

_~ ... .ot ~.:.:_!"- '.". -"; .. ,. .. :-;,": .... , ".1.; .•• 

An~all ,.. °H .. IF.\lU =1Iior.,.-,1_. 'StindInf' ..... ' tv: .. &Miff II •. ~ .w. ... 
f. tid a .... 1711&an.APHA. V .... _ .. D.C. 

BaClb .. M. J., J. P. GlIb endR. A. MIIr, 1M3. A auld! II» the S.flctictI fA.,...,. tor MOhloiilSl 
WIll ConItructIan INI ~ S!np!!a. ISW8 CGnhd Rtport 327. IInoII ... w... SUrver, a............ .' ,.' ~.' ,- ''', " 

," ~ 

JohnIon DMIIon. UOP,1nc. 1175. GrowId Water Ind VM!, A Rarer.nee Book b '" Water \WI 
1nduItIY. JohnIon DMIIan. uop, Inc.. Saint Pu. Mlnnl". 

,..... D. M. .. G. L1Y ...... ::1Ia~ A ConPIIOnfll ...... " MecIwtIIi .. "Ltx"'_ SftiII;.~~.,;. , 
0IIrnI* Ground v...~~ WeIll. Ground w.r ~ing RevIew S:~ . ", 

0' 

~ : 

Telra Tech NUS,Inc. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Subject 
GROUNDWATER SAMPLE 
ACQUISITION AND ONSITE 
WATER QUALITY TESTING 

Number 

Revision 

SA-1-1 

4 

Page 
21 of 27 

E!'Iective Date 
06/99 

Scalf, M. R., J. F. McNabb, W. J. Dunlap, R. L. Crosby and J. Fryberger, 1981. Manual of Ground Water 
Sampling Procedures. R. S. Kerr Environmental Research Laboratory, Office of Research and 
Development, U.S. EPA, Ada, .Oklahoma. 

U.S. EPA, 1979. Methods for Chemical Analysis of Water and Wastes. EPA-e00/4-79-020. 

U.S, EPA, 1980, Procedures Manual for Ground Water Monitoring at Solid Waste Disposal Facilities. 
Office of Solid Waste, United States Environmental Protection Agency, Washington, D.C. 

U.S. EPA, 1994. Groundwater Sampling Procedure - Low Flow Purge and Sampling (Draft Final). U.S. 
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ATIACHMENTA 

PURGING EQUIPMENT SELECllON 

-- -
Oilmeter Cuing BtHer Peristaltic Vlcuum Air-llft 0itpMgrn Submerll:lle SuOmersible Submerlible 

Pump Pump "Trash· Diaphragm Electric Pump Electric Pump 
Pump Pump w/Pad<er -

1.25-lnch Water level X X X X 
<25 feet 

-
Water Level X 
>25 feet 

-
2·lnch Water levil X X X X X X 

<25 feet 
-

Water Level X X X 
>25 feet 

-
4-lnch Water level X X X X X X X X 

<25 feet -- -
Water Level X X X X X 
>25 feet . 

S-Inch Water level X X X X 
<25 feet 

Water Level X X X 
>25 r.et 

8-Inch water level X X X X 
<25 feet 

Water leYeI X X X 
>25 feet 

019611/P Tetra Tech NUS, Inc. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



-
g 

~ 
i 

i 
i 
~ 
~ 

- - - - - - - - -

ATTACHMENT A 

PURGING EQUIPMENT SELECTION 

PAGE 2 

MllnU&dli .... MOdII PfifIdiJ' (II 
NImeIN ....... 0pInIIiDn 1= "=:'I~· .,.........., MId Tubing) (It) 

~) 

- - - - -

Delivery Rates 1982 Corrments 
or Volumes Price 

(Dola,.) 

I 
a.c.d ~11IWCad 5.mp11r I 0 ~ 0811 1.5"6 I PE, bra .. , nyton'l 0-150 ,1 IHer for each, $22G-350' Requin!s WI... It 081; QJItom Iizes 1· Inc. ckIIM (poIitIIM alurnhm axIde with std. 10-15 feet III materialuvailable; .as as piezometer. 

ctl p' , • .., tubing IOOrnetgenoe 

I
COIi P;". IfiilIMllilli Fi8ii 751OI POiiIiii8: I <1.W l(notSUbmll'liiill) I 0:30 1670 ml..ln*tl S5()0..6()()I ACIDC; variable speea CIOIIInlI /MIiIabla;l 00. Port.bIe ~ ~ Tygone, IIIcone with 7015- other models may havediffwenttlollll rates. 

PwiIp (8UCIIon) V~ 20 pump head 

I
ECO PUi'liPCOiii IWiPliliit' IPoItIibIe; t;;iIri 1 <Uor Ipp

• PE. pvc. SS'I 0-100 10-500 mlJminl $400-700 lAC, DC. or gasoIine4Mln motOlS available:, . <2.OINA Teflone. T.,... depending 01\ must be pRnId. 
HIt 

IC'JiiikColp. IBilliii21e:4 1=: gt'Ibl 1:811138 ITefIone I NOWnil ,1,075ml . -- .,- 5120-135 \Oihei--Sizes available. 

dllplMllliWit) f 

I 
GioEngkIMrIng.· -,OEo:MONITOR ----.-0,- 1 q; pi, 1.511&- ,. PE~--w.- pvc" PftIbably \ApproXlmatelY \ 5185 IAda as piezometer; requires oompIeSsedl 
Inc. . dIM (poIIIMI wan- 0-1SO 11itet' tor each ges. 

ctapk ,..., 10 feet of 
submelgenoe 

,'ifIdUSiiI8j 8iid1_rG IPOiiIiii8: .bIIdd8I'l" 1.15U3 ,'ss, T~, ViOni,' 0:250 ,'602.800mUmin I' 51,500- IR~ulres ~ gas. other ~\ 
env.OI.i.... I I (poIIIM 3,000 I available; AG, DC, manual operation 
AnaIylD. Inc. (lEA) dl p' ,..., . possible. 

I
' EA I' s;an;it LIiiPi8I' I' = jib I' uw " ss, T8iiOIii i NO IImI i ~ Vokl=- i 51,100 i =- vacuum ..tIor presswe trOm handi 

dlMulaawrwoft I I I I I 

·10i1IUUITw. IMDCIIIi zaugl~ bbcIder\,.7515O I PC, 1ICOnii'l 0-150 10-7,soomUmin I 5990 IReqUirescornpnsssedllas(040PSl~)'1 
SpecIIIIIeI 00. WIIIIS8mpIer (poIIIIIM . Teflone. pp. PE. I 
(ISCO) dIIpIIII: I , • .., Detri .... ..... 

I

W G81arsrlJ""lsp~1 \IPCIfiiiiiiei heIc:aIl" 1.75125 I'SS' t ........ PP'I' 0-160 1'()..04,SOO mUmin I' 53,500 I" DC operated. I" 
InItIumenll, Inc. SWi..... IOIIDr (poI1tIw EPDM. VIIDnI 

I~ PwiIp dIIrAIII Ii.;O.. . . ___ _ __ _ 

l
ceonaid IiOid 1IIId1,08CIFiIIi SiIiiIII'\PCIfiiIiIi; iiiIdiIii11.15138 ISS' t ...... PC'I 0-0400 10-3,500mUmin 1 51,-400- I Requires ~ ga5 (55psl minimum):1 
DIe WaIlea, Inc. DIImetIw V'M (poIIIMt Neopt.... 1,500 I pneumatic or N:;/DC control module. I 

PwiIp (IJ05OO) cftIJAIN I ,1IIIIt)' 

1
01 AMxMIyISulflioeL ..... IIPorWIIe; gt'Ib11.7iI12 III<lIYIlc,Detri.... I Holimlt IApproxmalely I 512S-160I Other materials and models lIValable; fori 
SpWmI. Inc. I (poIIIMt 250 ml measuring IhIc:kness III "Ioating" 

diIpIecemIIIIQ conIaminants. 

I 
a:E.D. I Wall Wlmntel DechIecf; I 1.Ci6136 I PVC - 0-230 -1-o.2•00(rmUmm 1- SJ00.-.400 1- Requlles compn!ssed gas; piezometric IeYeII 
EnvIroMilllllll MonI&orIng System bladder (JICIIIIhM indic:alor: other materials avaUble. 
SptIIInI. Inc. (11-100) . dilplll......., 

-

<»c;) 
~O::c 
-fOO mcc 
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ATTACHMENT B 

SPECIFIC CONDUCTANCE OF 1 MOLAR KCI AT 
VARIOUS TEMPERATURES 1 

Temperature (0C) Specific Conductance 
(umhoslcm) 

15 1.147 

16 1.173 

17 1.199 

18 1.225 

19 1.251 

20 1.278 

21 1.305 

22 1.332 

23 1.359 

24 1,368 

25 1.413 

26 1,441 

27 1,468 

28 1,496 

29 1,524 

30 1,552 

1 Data derived from the International Critical 
Tables 1-3-8. 
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ATIACHMENTC 

VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER 
AS A FUNCTION OF TEMPERATURE AND SALINITY 

Temperature Dissolved Oxygen (mgIl) 
(0C) 

Chloride Concentration in Water Differencel 
100 mg Chloride 

0 5,000 10,OQO 15,000 20,000 

0 14.6 13.8 13.0 121 11.3 0.017 

1 14.2 13.4 12.6 11 .. 8 11.0 0.016 

2 13.8 13.1 12.3 11.5 10.8 0.015 

3 13.5 12.7 12.0 11.2 10.5 0.015 

4 13.1 12.4 11.7 11.0 10.3 0.014 

5 12.8 12.1 11.4 10.7 10.0 0.014 

6 12.5 11.8 11.1 10.5 9.8 0.014 

7 12.2 11.5 10.9 10.2 9.6 0.013 

8 11.9 11.2 10.6 10.0 9.4 0.013 

9 11.6 11.0 10.4 9.8 9.2 0.012 

10 11.3 10.7 10.1 9.6 9.0 0.012 

11 11.1 10.5 9.9 9.4 8.8 0.011 

12 10.8 10.3 9.7 9.2 8.6 0.011 

13 10.6 10.1 9.5 9.0 8.5 0.011 

14 10.4 9.9 9.3 8.8 8.3 0.010 

15 10.2 9.7 9.1 8.6 8.1 0.010 

18 10.0 9.5 9.0 8.5 8.0 0.010 

17 9.7 9.3 8.8 8.3 7.8 0.010 

18 9.S 9.1 8.8 8.2 7.7 0.009 

19 9.4 e.9 8.5 e.o 7.8 0.009 

20 9.2 e.7 8.3 7.9 7.4 0.009 

21 9.0 8.8 8.1 7.7 7.3 0.009 

22 8.8 8.4 8.0 7.6 7.1 0.008 

23 8.7 8.3 7.9 7.4 7.0 0.008 

24 8.5 e.1 7.7 7.3 e.9 0.008 

25 8.4 8.0 7.6 7.2 6.7 0.008 
. 
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ATTACHMENT C 
VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER 
AS A FUNCTION OF TEMPERATURE AND SALINITY 
PAGE TWO 

Temperature Dissolved Oxygen (mgIL) 
(OC) 

Chloride Concentration in Water Difference! 

- 1 00 mg Chloride 
0 5,000 10,000 15,000 20,000 

26 8.2 7.8 7.4 7.0 6.6 0.008 
27 8.1 7.7 7.3 6.9 6.5 0.008 
28 7.9 7.5 7.1 6.S 6.4 0.008 
29 7.8 7.4 7.0 6.6 6.3 0.008 
30 7.6 7.3 6.9 6.5 6.1 0.008 
31 7.5 -
32 7.4 -
33 7.3 -

-34 7.2 
-35 7.1 
-36 7.0 

37 6.9 -
-38 6.8 
-39 6.7 -40 6.6 -41 6.5 -42 '8.4 -43 8.3 
· 44 8.2 
· 45 8.1 
· 46 6.0 
· 47 5.9 
· 48 5.8 
· 49 5.7 
· 50 5.6 -

Note: In a chloride solution, conductivity can be roughly related to chloride concentration <and 
therefore, used to correct measured D.O. concentration) using Attachment B. 
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1.0 PURPOSE 

This procedure discusses the methods used to collect surface, near surface, and subsurface soil 
samples. Additionally, it describes the method for sampling of test pits and trenches to determine 
subsurface soil and rock conditions, and recover small-volume or bulk samples. 

2.0 SCOPE 

This procedure is applicable to the collection of surface, near surface and subsurface soils for laboratory 
testing, which are exposed through hand digging, hand augerin!~, drilling, or machine excavating at 
hazardous substance sites. 

3.0 GLOSSARY 

Composite Sample - A composite sample exists as a combination of more than one sample at various 
locations and/or depths and times, which is homogenized and treated as one sample. This type of 
sample is usually collected when determination of an average waste concentration for a specific area is 
required. Composite samples are not to be collected for volatile organiCS analysis. 

Grab Sample - One sample collected at one location and at one spe<:ific time. 

Non-Volatile Sample - A non-volatile sample includes all other chemical parameters (e.g., semivolatiles, 
pesticides/PCBs, metals, etc.) and those engineering parameters that do not require undisturbed soil for 
their analysis. 

Hand Auger - A sampling device used to extract soil from the ground in a relatively undisturbed form. 

Thin-Walled Tube Sampter - A thin-walled metal tube (also called a Shelby tube) used to recover 
relatively undisturbed soli samples. These tubes are available in various sizes, ranging from 2 to 5 inches 
outside diameter (00) and from 18 to 54 inches in length. 

Sprrt-Barrel Sampler • A steel tube, split In half lengthwise, with the halves held together by threaded 
c:oIIara at either end of the tube. Also called a apIit-apoon sampler, this devic:e can be driven Into resistant 
materials using a drive weight mounted In the drilling string. A standard spIt-barrei sampler is typically 
avaHabie In two common lengths, providing either 2O-inch or 26-inch longitudinal clearance for obtaining 
18-inch or 24-inch-1ong samples, respectively. These split-barrel sarJ1)Iers commonly range in size from 
2-iilc:h 00 to 3-112 inch 00. The larger sizes are convnonly used when • larger volume of sample 
material is required. 

Test Pit and Trench - Open. shallow excavations, typically rectangular (if a test pit) or longitudinal (if a 
trench), excavated to determine the shallow subsurface conditions for engineering, geological, and loil 
chemistry exploration and/or sampling purposes. These pits are excavated manually or by machine (e.g., 
backhoe, clamshell, trencher excavator, or bulldozer). 

Confined Space - As stipulated In 29 CFR 1910.146, a confined space means a space that 1) is large 
enough and so configured that an employee can bodily enter and perform assigned work; 2) has limited or 
restricted means for entry or exit (for example tanks, vessels, silos, storage bins. hoppers. vaults, and 
pits, and excavations are spaces that may have limited means of entry.): and 3) is not designed for 
continuous employee occupancy. TtNUS considers all confined space as permit-required confined 
spaces. 

01V6111P Tetra Tech NUS, Inc. 
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Project Manager - The Project Manager Is responsible for determining sampling objectives, as well as, the 
field procedures used in the collection of soil samples. Additionally, in consultation with other project 
personnel (geologist. hydrogeologist, etc.), the Project Manager establishes the need for test pits or 
trenches, and determines their approximate locations and dimensions. 

Site Safety Officer (SSO) - The SSO (or a qualified designee) is responsible for providing the technical 
support necessary to implement the project Health and Safety Plan. This will include (but not be limited 
to) performing air quality monitoring during sampling, boring and excavation activities, and to ensure that 
workers and offsite (downwind) individuals are not exposed to hazardous levels of airborne contaminants. 
The SSO/designee may also be required to advise the FOL on other safety-related matters regarding 
boring, excavation and sampling, such as mitigative measures to address potential hazards from unstable 
trench walls, puncturing of drums or other hazardous objects, etc. 

Field Operations Leader (FOl) - The FOL is responsible for finalizing the location of surface. near 
surface, and subsurface (hand and machine borings, test pits/trenches) soil samples. He/she is ultimately 
responsible for the sampling and backfilling of boreholes, test pits and trenches, and for adherence to 
OSHA regulations during these operations. 

Project Geologist/Sampler - The project geologist/sampler is responsible for the proper acquisition of soil 
samples and the completion of all required paperwork (I.e., sample log sheets, field notebook, boring 
logs, test pit logs, container labels, custody seals, and chain-of-custody forms). 

Competent Person - A Competent Person, as defined in 29 CFR 1929.650 of Subpart P - Excavations, 
means one who is capable of identifying existing and predictable hazards in the surroundings, or working 
conditions which are unsanitary, hazardous, or dangerous to employees, and who has authorization to 
take prompt corrective measures to eliminate them. 

5.0 PROCEDURES 

5.1 Overview 

Soil sampling is an important adjunct to groundwater monitoring. Sampling of the soli horizons above the 
groundwater table can detect contaminants before they have migrated into the water table, and can 
establish the amount d contamination sorbed on aquifer solids that have the potential of contributing to 
groundwater contamination. . 

Soil types can vary considerably on a hazardous waste site. These variations. along with vegetation, can 
affect the rate of contaminant migration through the soil. It is important. therefore, that a detailed record 
be maintained during the sampling operations, particularly noting the location, depth, and such 
characteristics as grain size, color, and odor. Subsurface conditions are often stable on a daily basis and 
may demonstrate only slight seasonal variation especially with respect to temperature, available oxygen 
and light penetration. Changes in any of these conditions can radically alter the rate of chemical reactions 
or the assoc:iat8d mic:robioIogical community, thus further altering specific site conditions. As a result, 
samples must be kept at their at-depth temperature or lower, protected from direct light, sealed tightly in 
approved glass containers, and be analyzed as soon as possible. 

The physical properties of the soil, its grain size, cohesiveness, associated moisture, and such factors as 
depth to bedrock and water table, will limit the depth from which samples can be collected and the method 
required to collect them. Often this information on soil properties can be obtained from published soil 
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surveys available through the U.S. Geological Surveys and other government or farm agencies. It is the 
intent of this procedure to present the most commonly empic)yed soil sampling methods used at 
hazardous waste sites. 

5.2 Soli Sampl. Collection 

5.2.1 Procedure for Collecting Soli Sampl •• for Volatile Organic Compounds 

The above described traditional sampling techniques, used for the collection of soil samples for volatile 
organic analysis, have recently been evaluated by the scientific community and determined to be 
ineffective in producing accurate results (biased low) due to the loss of volatile organics in the sampling 
stages and microbial degradation of aromatic volatiles. One of the newly adopted sampling procedures 
for collecting soil samples includes the field preservation of samples with methanol or sodium bisulfate to 
minimize volatilization and biodegradation. These preservation methods may be performed either in the 
field or laboratory, depending on the sampling methodology employed. 

Soil samples to be preserved by the laboratory are currently being performed using method SW-846 , 
5035. Laboratories are currently performing low level analyses (s()dium bisulfate preservation) and high 
level analyses (methanol preservation) depending on the end users needs. 

It should be noted that a major disadvantage of the methanol preservation method is that the laboratory 
reporting limits will be higher than conventional testing. The reporting levels using the new method for 
most analytes are 0.5 ~g1g for GCIMS and 0.05 ~g/g for GC methods. 

The altemative preservation method for collecting soli samples is with sodium bisulfate. This method is 
more complex to perform in the field and therefore is not preferred for field crews. It should also be noted 
that currently, not all laboratories have the capabilities to perform this analysis. The advantage to this 
method is that the reporting limits ( 0.001 ~g1g for GCJPID or GClELCD, or 0.010 for GClMS) are lower 
than those described above. 

The following procedures ouUine the necessary steps for collecting soli samples to be preserved at the 
laboratory, and for collecting soil samples to be preserved in the field with methanol or sodium bisulfate. 

5.2.1.1 SoH Samples to be Preserved at the Laboratory 

Soil samples collected for volatile organics that are to be presetVed at the laboratory will be obtained 
using a hermetically sealed sample vial such as an EnCore"'" sampler. Each sample wi. be obtained 
using a reusa~ sampling handle provided with the EnCore"'" sampler. The sample is collected by 
pushing the EnCore"'" sampler directly into the soil, ensuring that the sampler Is packed tight with soil, 
leaving zero heads pace. USing this type of sampfing device eliminates the need for field preservation and 
the shipping resbictions associated with preservatives. 

Once the sample Is collected, it should be placed on ice immediately and shipped to the laboratory within 
48 hours (following the chain-of-custody and documentation procedures outlined in SOP SA-6.1). 
Samples must be preserved by the laboratory within 48 hours of sample collection. . . 

If the lower detection Dmits are necessary, an option would be to collect several EnCore"'" samplers at a 
given sample location. Send an samplers to the laboratory and the laboratofy can perform the required 
preservation and analyses. 
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Soil samples preserved in the field may be prepared for analyses using both' the low-level (sodium 
bisulfate preservation) method and medium-level (methanol preservation) method. 

Methanol Preservation (Medium level): 

Soil samples to be preserved in the field with methanol will utilize 40-60 mL glass vials with septum lids. 
Each sample bottle will be filled with 25 ml of demonstrated analyte-free purge and trap grade methanol. 
Bottles may be prespiked with methanol in the laboratory or prepared in the field. 

Soil will be collected with the use of a decontaminated (or disposable), small-diameter coring device such 
as a disposable tube/plunger-type syringe with the tip cut off. The ()utside diameter of the coring device 
must be smaller than the inside diameter of the sample bottle neck. 

A small electronic balance or manual scale will be necessary for measuring the volume of soil to be added 
to the methanol preserved sample bottle. Calibration of the scale should be performed prior to use and 
intermittently throughout the day according to the manufacturers requirements. 

The sample should be collected by pulling the plunger back and inserting the syringe into the soil to be 
sampled. The top several inches of soil should be removed before collecting the sample. ApprOXimately 
10 grams :.2g (8-12 grams) of soil should be collected. The sample should be weighed and adjusted until 
obtaining the required amount of sample. The sample weight should be recorded to the nearest 0.01 
gram in the field logbook and/or sample log sheet The soil should then be extruded into the methanol 
preserved sample bottle taking care not to contact the sample container with the syringe. The threads of 
the bottle and cap must be free of soil particles. 

After capping the bottle, swirl the sample (do not shake) in the methanol and break up the soil such that 
all of the soil is covered with methanol. Place the sample on ice immediately and prepare for shipment to 
the laboratory as described in SOP SA-6.1. 

Sodium Bisulfate Preservation (Low Level): 

Samples to be preserved using the sodium bisulfate method are to be prepared as follows: 

Add 1 gram of sodium bisulfate to 5 ml of laboratory grade deionized water in a 40-60 mL glass vial with 
septum lid. Bottles may be prespiked in the laboratory or prepared in the field. The soli sample should be 
collected in a manner as descmect above and added to the sample container. The sample should be 
weighed to nearest 0.01 gram as described above and recorded in field logbook or sample log sheet 

Care should be taken when adcflflg the soil to the sodium bisulfate solution. A chemical reaction of soils 
containing carbonates (limestone) may cause the sample to effervesce or the vial to possibly explode. 

When preparing samples using the sodium bisulfate preservation method, duplicate samples must be 
collected using the methanol preservation method on a one for one sample basil. The reason for this is 
because it is necessary for the laboratory to perform both the low level and medium level analyses. Place 
the sample on Ice Immediately and prepare for shipment to the laboratory as described in SOP SA-6.1. 

If the lower detection Units are necessary I an option to field preserving with sodium bisulfate would be to 
collect 3 EnCore 111 samplers at a given sample location. Send all samplers to the laboratory and the 
laboratory can perform the required preservation and analyses. 
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Non-volatile soil samples may be collected as either grab or composite samples. The non-volatile soil 
sample is thoroughly mixed in a stainless steel or disposable, inert plastic tray, using a stainless steel 
trowel or other approved tOOl, then transferred into the appropriate sample container(s). Head space is 
permitted in a non-volatile soil sample container to allow for sample expansion. 

5.2.3 Procedure for Collecting Undisturbed Soli Samples (ASTM 01587-83) 

VVhen it is necessary to acquire undisturbed samples of soil fOf purposes of engineering parameter 
analysis (e.g., permeability), a thin-walled, seamless tube sampler (Shelby tube) win be employed. The 
following method will be used: 

1. Remove all surface debris (e.g., vegetation, roots, twigs, etc.) from the specific sampling location and 
drill and clean out the borehole to the sampling depth, being careful to minimize the chance for 
disturbance of the material to be sampled. In saturated material, withdraw the drill bit slowly to 
prevent loosening of the soil around the borehole and to maintain the water level in the hole at or 
above groundwater level. 

2. The use of bottom discharge bits or jetting through an open-tube sampler to clean out the borehole 
shall not be allowed. Use of any side-discharge bits is permitted .. 

3. A stationary piston-type sampler may be required to limit sample disturbance and aid in retaining the 
sample. Either the hydraulically operated or control rod activated-type of stationary piston sampler 
may be used. Prior to inserting the tube sampler into the borehole, cheek to ensure that the sampler 
head contains 8 check valve. The check valve is necessary to keep water in the rods from pushing 
the sample out the tube sampler during sample withdrawal and to maintain a suction within the tube to 
help retain the sample. 

4. To minimize chemical reaction between the sample and the sampling tUbe, brass tubes may be 
required, especially If the tube is stored for an extended time prior to testing. v..iIe steel tubes coated 
with shellac are less expensive than brass, they're more reac:tive, and shall only be used when the 
sample wit be tested within • few days after sampling or If chemical reaction is not antICIpated. 'Mth 
the sampling tube resting on the bottom of the hole and the water level in the boring at groundwater 
level or above, push the tube into the soil by a continuous and rapid motion, wIIhout Impac:tlng or 
twisting. In no case .h .. the tube be pushed farther than the length provided for the soil sample. 
Allow about 3 Inches in the tube for cuttings and sludge. 

S. Upon removal of the sampling tube from the hole, measure the length of sample in the tube and also 
the length penetrated. Remove disturbed material in the upper end d the tube and measure the 
length of sample egaln. After removing at least an inch of soil from the lower end and after inserting 
an imperviouS disk. seal both ends of the tube with at least a 112-inch thickness of wax applied in a 
way that will prevent the. waX from entering the sample. Clean filler must be placed in voids at either 
end of the tube prior to sealing with wax. Place plastic caps on the ends d the sample tube, tape the 
caps in pIac8, and dip the ends in wax. 

6. Affix labe~s) to the tube as required and record sample number, depth, penetration, and recovery 
length on the label. Mark the "up" direction on the side of the rube with indelible ink, and mark the 
end of the sample. Complete Chain-of-Custody and other required forms (see SOP SA-6.3). Do not 
allow rubes to freeze, and .tore the samples vertically with the same orientation they had in the 
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ground, (i.e., top of sample is up) in a cool place out of the sun at all times. Ship samples protected 
with suitable resilient packing material to reduce shock, vibration, and disturbance. 

Thin-wailed undisturbed tube samplers are restricted In their usage by the consistency of the soil to be 
sampled. Often, very loose andlor wet samples cannot be retrieved by the samplers, and soils with a 
consistency in excess of very stiff cannot be penetrated by the sampler. Devices such as Dennison or 
Pitcher core samplers can be used to obtain undisturbed samples of stiff soils. Using these devices 
normally increases sampling costs, and therefore their use shall be weighed against the need for 
acquiring an undisturbed sample. 

5.3 Surface Soli Sampling 

The simplest, most direct method of collecting surface soil samples (most commonly collected to a depth 
of 6 inches) for subsequent analysis is by use of a stainless steel trowel. Surface soils are considered 
0-12 inches bgs. 

In general, the following equipment is necessary for obtaining surface soil samples: 

• Stainless steel or pre-cleaned disposable trowel. 
• Real-time air monitoring instrument (e.g., PID, FlO, etc.). 
• Latex gloves. 
• Required Personal Protective Equipment (PPE). 
• Required paperwork. 
• Required decontamination equipment 
• Required sample container(s). 
• Wooden stakes or pin flags. 
• Sealable polyethylene bags (i.e., Zip~ baggies). 
• Heavy duty cooler. 
• Ice (if required) double-bagged in sealable polyethylene bags. 
• Chain-of-custody records and custody seals. 

When acquiring surface soU samples, the following procedure shan be used: 

1. Carefully remove vegetation; roots, twigs, otter, etc., to expose an adequate soil surface area to 
accommodate sample volume requirements. 

2. Using a decontaninated stainless steel trowel, follow the procedure cited i1 Section 5.2.1 for 
Collecting I volatile SOtl sample. Surface soH samples for volatile organic analysis should be collected 
from 6-12 inches bgs only. 

3. Thoroughly mix (In-situ) a su1flclent amount of soil to fill the remaining sample containers and transfer 
the sample into those containers ublizing the same stainless steel trowel employed above. Cap and 
securely tighten all sample containers. 

4. Affix a sample label to each container. Be sure to fill out each label carefully and clearly. addreSSing 
all the categories described In SOP SA-6.3. 

5. Proceed with the handling and processing of each sample container as described In SOP SA-6.2. 
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Collection of samples from near the surface (depth of 6-1 a inches) can be accomplished with tools such 
as shovels and stainless steel or pre-cleaned disposable trowels. 

The following equipment is necessary to collect near surface soil samples: 

• Clean shovel. 
• The equipment listed under Section 5.3 of this procedure. 
• Hand auger. 

To obtain near-surface soil samples, the following protocol shall be observed: 

1. With a clean shovel, make a series of vertical cuts to the depth required in the soil to form a square 
approximately 1 foot by 1 foot. 

2. Lever out the formed plug and scrape the bottom of the freshly dug hole with a decontaminated 
stainless steel or pre-cleaned disposable trowel to remove any loose soil. 

3. Follow steps 2 through 5 listed under Section 5.3 of this procedure. 

5.5 Subsurface Soil Sampling With a Hand Auger 

A hand augering system generally consists of a variety of all stainless steel bucket bits (i.e., cylinders 
6-112" long, and 2-314", 3-1/4", and 4" in diameter), a series of extension rods (available in 2', 3', 4' and 5' 
lengths), and a cross handle. A larger diameter bucket bit is commonly used to bore a hole to the desired 
sampling depth and then withdrawn. In tum, the larger diameter bit is replaced with a smaller diameter 
bit, lowered down the hole, and slowly tumed Into the soil at the completion depth (approximately 61. The 
apparatus is then withdrawn and the soil sample collected. 

The hand auger can be used in a wide variety of soil conditions. It can be used to sample soH both from 
the surface, or to depths In excess of 12 feel However, the presence of rock layers and the collapse of 
the borehole normally contribute to Its limiting factors. 

To accomplish soil sampling using a hand augering system, the following equipment is required: 

• Complete hand auger assembly (varietY of bucket bit sizes). 
• Stainless steel nixing bowls. 
• The equipment listed under SectIon 5.3 of this procedure. 

To obtain soil samples using a hand auger, the following procedure shall be followed: 

1. Attach a properly decontaminated bucket bit to a clean extension rod and further attach the cross 
handle to the extension rod. 

2. Clear the area to be sampled of any surface debris (vegetation, twigs, rocks, litter, etc.). 

3. Begin augering (periodically removing accumulated soils from the bucket b.lt) and add additional rod 
extensions as necessary. Also, note (in a field notebook or on standardized data sheets) any 
changes In the color, texture or odor of the soil. 
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4. After reaching the desired depth, slowly and carefully withdraw the apparatus from the borehole. 

5. Remove the soiled bucket bit from the rod extension and replace it with another properly 
decontaminated bucket bit. The bucket bit used for sampling is commonly smaller in diameter than 
the bucket bit employed to initiate the borehole. 

6. Carefully lower the apparatus down the borehole. Care must be taken to avoid scraping the borehole 
sides. 

7. Slowly turn the apparatus until the bucket bit is advanced approximately 6 inches. 

8. Discard the top of the core (approximately 1"), which represents any loose material collected by the 
bucket bit before penetrating the sample material. 

9. Fill volatile sample container(s), using a properly decontaminated stainless steel trowel, with sample 
material directly from the bucket bit. Refer to Section 5.2.1 of this procedure. 

10. Utilizing the above trowel, remove the remaining sample material from the bucket bit and place into a 
properly decontaminated stainless steel mixing bowl and thoroughly homogenize the sample material 
prior to filling the remaining sample containers. Refer to Section 5.2.2 of this procedure. 

11. Follow steps 4 and 5 listed under Section 5.3 of this procedure. 

5.6 Subsurface Soli Sampling WIth I Spllt.;SIrrel Simpler (ASTM 01586-84) 

Split-barrel (split-spoon) samplers consist of a heavy carbon steel or stainless steel sampling rube that 
can be split into two equal halves to reveal the soil sample (see Attachment A). A drive head Is attached 
to the upper end of the tube and serves as a point of attachment for the driB rod. A removable tapered 
nosepiece/drive shoe attaches to the lower end of the tube and facilitates cutting. A basket-like sample 
retainer can be fitted to the lower end of the split tube to hold loose, dry soil samples in the tube when the 
sampler is removed from the drill hole. This spllt-barrel sampler is made to be attached to a drill rod and 
forced into the ground by means of a 14()..1b. or larger casing driver. 

Split-barrel samplers are used to collect soil samples from a wide variety of soH types and from depths 
greater than those attai~able with other soil sampfmg equipment 

The following equipment is used for obtaining split-barrel samples: 

• Drilling equipment (provided by subcontractor). 

• Spilt-barrel samplers (0.0. 2 inches, 1.0. 1-318 Inches, either 20 inches or 26 Inches long); Larger 
0.0. samplers are available if a larger volume of sample is needed. 

• Drive weight assembly. 140-1b. weight. driving head and guide permitting free fall of 30 inches. 

• Stainless steel mixing bowls. 

• Equipment listed under Section 5.3 of this procedure. 

The following steps shall be followed to obtain split-barrel samples: 
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1. Remove the drive head and nosepiece, and open the sampler to reveal the soil sample. Immediately 
scan the sample core with a real-time air monitoring instrument (e.g., FlO, PIO, etc.). Carefully 
separate the soil core, with a decontaminated stainless steel knife or trowel, at about 6-inch intervals 
while scanning the center of the core for elevated readings. Also scan stained soil, soil lenses, and 
anomalies (if present), and record readings. 

2. Collect the volatile sample from the center of the core where elevated readings occurred. If no 
elevated readings where encountered the sample material should still be collected from the core's 
center (this area represents the least disturbed area with minimal atmospheric contact). Refer to 
Section 5.2.1 of this procedure. 

3. Using the same trowel, remove remaining sample material from the split-barrel sampler (except for 
the small portion of disturbed soil usually found at the top of the core sample) and place the soil into a 
decontaminated stainless steel mixing boWl. Thoroughly homogenize the sample material prior to 
filling the remaining sample containers. Refer to Section 5.2.2 of this procedure. 

4. Follow steps 4 and 5 listed under Section 5.3 of this procedure. 

5.7 Subsurface Sol Sampling Using Direct Push Technology 

Subsurface soil samples can be collected to depths of 40+ feet using direct push technology (OPT). OPT 
equipment, responsibilities, and procedures are described in SOP SA-2.5. 

5.8 excavation and Sampling of Test Pits and Trench .. 

5.8.1 Applicability 

This subsection presents routine test pit or trench excavation techniques and specialized techniques that 
are applicable under certain conditions. 

During the excav.ation of trenches or pits at hazardous waste sites, several health and safety concerns 
anse which control the method of excavation. No personnel shall enter any test pit or excavation except 
I •• last resort. and then only under direct supervision of a Competent Person (a. defined i1 28 CFR 
1929.850 of SUbpart P - Excavations). Whenever possible, an required chemical and lithological samples 
should be collected using the excavator bucket or other remote sempIing apparatus. If ...... a is atilt 
required, aD test pits or excavations must be stabilized by bracing the pit sides using specIftc:aIy designed 
wooden or steel support strucIures. Personnel entering the excavation may be exposed to toxic or 
explosive gases and oxygen-deficlent environments. Any entry may constitute 8 Confined Space and 
must be done in conformance with an appJicable regulation.. In these cases, substantial air monitoring is 
required before entry, and appropriate respiratory gear and protective clothing is mandatory. There must 
be at least two person. present at the invnecfl8te site before entry by one of the investigators. The reader 
shaD refer to OSHA regulations 29 CFR 1926, 29 CFR 1910.120, 29 CFR 1910.134, AND 29 CFR 
1910.146. 

excavations are generally not practical where a depth of more th8n about 15 feet is desired, and they are 
usually limited to a few reet below the water table. In some cases, a'pumping system may be required to 
control water levels within the pi, providing that pumped water can be adequately stored or disposed. If 
data on soils at depths greater than 15 feet are required, the data are usually obtained through test 
borings instead of test pits. 
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In addition, hazardous wastes may be brought to the surface by excavation equipment. This material, 
whether removed from the site or retumed to the subsurface, must be properly handled according to any 
and all applicable federal, state, and local regulations. 

5.8.2 Test Pit and Trench Excavation 

These procedures describe the methods for excavating and logging test pits and trenches excavated to 
determine subsurface soil and rock conditions. Test pit operations shall be logged and documented as 
described in SOP SA-6.3. 

Test pits and trenches may be excavated by hand or by power equipment to permit detailed description of 
the nature and contamination of the in-situ materials. The size of the excavation will depend primarily on 
the following: 

• The purpose and extent of the exploration. 
• The space required for efficient excavation. 
• The chemicals of concem. 
• The economics and efficiency of available equipment. 

Test pits normally have a cross section that is 4 to 10 feet square; test trenches are usually 3 to 6 feet 
wide and may be extended for any length required to reveal conditions along a specific line. The following 
table, which is based on equipment efficiencies, gives a rough guide for design consideration: 

Equipment Typical Widths, In Feet 

Trenching machine 2 

Backhoe 2-e 

Track dozer 10 

Track loader 10 

Excavator ·10 

Scraper 20 

The laterallrnlts of excavation of trenches and the position of test pits shan be carefully marked on area 
base maps. If precise positioning is required to indicate the location of highly hazardous waste materials, 
nearby utilities, or dangerous conditions, the Dmits of the excavation shaH be surVeyed. Also, If precise 
determination of the depth of burled materials is needed for design or environmental assessment 
purposes, the elevation of the ground surface at the test pit or trench location ahall also be determined by 
survey. If the test pitltrench will not be surveyed Invnedlataly, It shan be backftlled and Its position 
identified with stakes placed in the ground at the margin of the excavation for later surveying. 

The construction of test pits and trenches shall be planned and designed In advance as much as possible. 
However, field conditions may necessitate revisions to the initial plans. The final depth and construction 
method shan be determined by the field geologist The actual layout of each test pit, temporary staging 
area, and spoils pile wiD be predicated based on site conditions and wind direction at the time the test pit 
is made. Prior to excavation, the area can be surveyed by magnetometer or metal detector to identify the 
presence of underground utilities or drums. 
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As mentioned previously, no personnel shall enter any test pit or excavation except as a last resort, and 
then only under direct supervision of a Competent Person. If entrance is still required. Occupational 
Safety and Health Administration (OSHA) requirements must be met (e.g., walls must be braced with 
wooden or steel braces, ladders must be in the hole at all times, and a temporary guardrail must be 
placed along the surface of the hole before entry). It is emphasized that the project data needs should be 
structured such that required samples can be collected without requiring entrance into the excavation. 
For example. samples of leachate. groundwater, or sidewall solis cen be taken with telescoping poles. etc. 

Dewatering may be required to assure the stability of the side walls. to prevent the bottom of the pit from 
heaving. and to keep the excavation dry. This is an Important consideration for excavations in 
coheslonless material below the groundwater table. Liquids removed as a result of dewatering operations 
must be handled as potentially contaminated materials. Procedures for the collection and disposal of 
such materials should be discussed in the site-specific project plans. 

5.8.3 Sampling In Test Pits and Trenches 

5.8.3.1 General 

Test pits and trenches are usually logged as they are excavated. Records of each test pit/trench will be 
made as described in SOP SA-6.3. These records Include plan and profile sketches of the test pitltrench 
showing materials encountered. their depth and distribution in the pit/trench. and sample locations. These 
records also include safety and sample screening Information. 

Entry of test pits by personnel is extremely dangerous. shall be avoided unless absolutely necessary. and 
can occur only after all applicable Health and Safety and OSHA requirements have been mel 

The final depth and type of samples obtained from each test pit will be determined at the time the test pit 
is excavated. Sufficient samples are usuaRy obtained and analyzed to quantify contaminant distribution 
as a function of depth for each test pit. Additional samples of each waste phase and any fluids 
encountered In each test pit may also be collected. 

In ~ case" samples of soli may be extracted from the teat pit for reason. other than waste aampIing 
and chemical analysis, for Instance, to obtain geotechnical information. Such Information would Jnc:Iude 
1011 types, stratigrIIphy, strength, etc., and could therefore ental the collection of disturbed (grab or bulk) 
or relatively undisturbed (hand-carved or pushedldrlven) samples, which can be tested for geotechnical 
properties. The purposes of such expIoi allons are very similar to those of .hallow exploratory or test 
borings, but often tnt pita ofI'er • faster, more cost-etreclive method of samplng than instaRing borings. 

5.8.3.2 Sampling Equipment 

The following equipment is needed for obtaining samples for chemical or geotechnical analysis from test 
pits and trenches: 

• Backhoe or other excavating machinery. 

e Shovels, picks and hand augers, stainless steel trowels. 

e Sample container • bucket with locking ad for large samples; appropriate bottleware for chemical or 
geotechnical analysis samples. 

e Polyethylene bags for enclosing sample containers; buckets. 
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• Remote sampler consisting of 10-foot sections of steel conduit (1-inch-diameter), hose clamps and 
right angle adapter for conduit (see Attachment 8). 

5.8.3.3 Sampling Methods 

The methods discussed In this section refer to test pit sampling from grade level. If test pit entry is 
required, see Section 5.7.3.4. 

• Excavate trench or pit in several depth increments. After each increment, the operator will wait while 
the sampler inspects the test pit from grade level to decide if conditions are appropriate for sampling. 
(Monitoring of volatiles by the SSO will also be used to evaluate the need for sampling.) Practical 
depth increments range from 2 to 4 feet. 

• The backhoe operator, who will have the best view of the test pit, will immediately cease digging if: 

• Any fluid phase or groundwater seepage is encountered in the test pit. 

• Any drums, other potential waste containers, obstructions or utility lines are encountered. 

• Distinct changes of material are encountered. 

This action is necessary to permit proper sampling of the test pit and to prevent a breach of safety 
protocol. Depending upon the conditions encountered, It may be required to excavate more slowly and 
carefully with the backhoe. 

For obtaining test pit samples from grade level, the following procedure shall be followed: 

• Remove loose material to the greatest extent possible with backhoe. 

• Secure walls of pit If necessary. (There is seldom any need to enter a pit or trench which would justify 
the expense of shoring the walls. AI obsetvations and samples should be taken from the ground 
surface.) . 

• Samples of the test pit material are to be obtained either directly from the backhoe bucket or from the 
material once I has been d8poslted on the ground. The sampler or FI8Id Oper8tions Leader directs 
the backhoe operator to remove material from the selected depth or location within the test pltltranch. 
The bucket illwught to the surface and moved tIW8'f from the pit The sampler and/or SSO then 
approaches the bucket and monitors its contents with a photolonization or flame ionization detector. 
The sample is collected from the center of the bucket or pile and placed in samPle containers using a 
decontaminated stainless steel trowel or spatula. 

• If a composite sample is desired, several depths or locations within the pitltrench are selected and a 
bucket is filled from each area. It Is preferable to send individual sample bottles filled from each 
bucket to the /abot'atory for compositing under the more controlled laboratory conditions. However, If 
composlting In the field 11 required, each sa. container shan be tilled from materials that have 
been transferred into a mixing bucket and homogenized. Note that homogenizationlcompositing is 
not applicable for samples to be subjected to volatile organic analysis. 

• Using the remote sampler shown in Attachment B, samples can be taken at the desired depth from 
the side wall or bottom of the pit. The face of the pltltrench shall first be scraped (using • Iong-
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handled shovel or hoe) to remove the smeared zone that has contacted the backhoe bucket. The 
sample shall then be collected directly into the sample jar, by scraping with the jar edge, eliminating 
the need to utilize samplers and minimizing the likelihood of cross-ec>ntamination. The sample jar is 
then capped, removed from the assembly, and packaged for shipment. 

• Complete documentation as described in SOP SA-S.3. 

5.8.3.4 In-Pit Sampling 

Under rare conditions. personnel may be required to enter the test pitltrench. This is necessary only 
when soil conditions preclude obtaining suitable samples from the backhoe bucket (e.g., excessive mixing 
of soils or wastes within the test pitltrench) or when samples from relatively small discrete zones within 
the test' pit are required. This approach may also be necessary to sample any seepage occurring at 
discrete levels or zones in the test pit that are not accessible with remote samplers. 

In general, personnel shall sample and log pits and trenches from the ground surface, except as provided 
for by the following Criteria: 

• There is no practical alternative means of obtaining such data. 

• The Site Safety Officer and Competent Person determines that such action can be accomplished 
without breaching site safety protocol. This determination will be based on actual monitOring of the 
pitltrench after It is dug (including, at a minimum. measurements of volatile organics. explosive gases 
and available oxygen). 

• A Company-designated Competent Person determines that the pitltrench is stable or is made stable 
(by grading the sidewalls or using shoring) prior to entrance of any personnel. OSHA requirements 
must be strictly observed. . 

If these conditions are satisfied. one person will enter the pitltrench. On potentially hazardous waste 
sites. this individual wID be dressed In safety gear as required by the conditions in the pit, usually Level B. 
He/she win be affixed to a safety rope and continuously monitored while in the pit 

A second IndMduIf wi be fully dressed In polldve clothing lncJudlng • Hikontalned breattmg device 
and on"standby during aI pit entry opecatiolll.. The individual entering the pit wiD remain therein for as 
brief • period as pr8dic8I. commensuraIe with performance of hlslher work. After removing the smeared 
zone. samples ,hal be obtained with • dec:ont8rrinate trowel or spoon. Aa an added precaution, It is 
adviIable to keep the backhoe bucket in the teat pit When personnel are working below grade. Such 
personnel can either stand In or near the bucket while performing sample operations. In the event of a 
cave-in they can either be lifted clear in the bucket, or at least climb up on the backhoe arm to reach 
safety. 

Geotechnical Sampling 

In addition to the equipment desaibed in Section 5.7.3.2. the following eqUipment is needed for 
geotechnical sampling: : 

• Soil sampling equipment, similar to that used In shaDow drilled boring (I.e., open tube samplers). 
which can be pushed or driven into the floor of the test pit. 
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• Suitable driving (I.e., a sledge hammer) or pushing (I.e., the backhoe bucket) equipment which is used 
to advance the sampler into the soil. 

• Knives, spatulas, and other suitable devices for trimming hand-carved samples. 

• Suitable containers (bags, jars, tubes, boxes, etc.), labels, wax, etc. for holding and safely 
transporting collected soR samples. 

• Geotechnical equipment (pocket penetrometer, torvane, etc.) for field testing collected soil samples· 
for classification and strength properties. 

Disturbed grab or bulk geotechnical soil samples may be collected for most soils in the same manner as 
comparable soil samples for chemical analysis. These collected samples may be stored in jars or plastic
lined sacks (larger samples), which will preserve their moisture content. Smaller samples of this type are 
usually tested for their index properties to aid in soil identification and classification, while larger bulk 
samples are usually required to perform compaction tests. 

Relatively undisturbed samples are usually extracted in cohesive soils using open tube samplers, and 
such samples are then tested in a geotechnical laboratory for their strength, permeability andlor 
compressibility. The techniques for extracting and preserving such samples are similar to those used in 
performing Shelby tube sampling in borings, except that the sampler is advanced by hand or backhoe, 
rather than by a drill rig. Also, the sampler may be extracted from the test pit by excavation around the 
sampler when it is difficult to pull it out of the ground. If this excavation requires entry of the test pit, the 
requirements described in Section 5.7.3.4 of this procedure must be followed. The open tube sampler 
shall be pushed or driven vertically into the floor or steps excavated in the test pit at the desired sampling 
elevations. extracting tube samples horizontally from the walls of the test pit is not appropriate, because 
the sample will not have the correct orientation. 

A sledge hammer or the backhoe may be used to drive or push the sampler or tube into the ground. 
Place a piece of wood over the top of the sampler or sampling tube to prevent damage during 
driving/pushing of the sample. Pushing the sampler with a constant 'U1rust is always preferable to driving 
it with repeated blows, thus minimizing disturbance to the sample. If the sample cannot be extracted by 
rotating It at least two revolutions (to shear off the sample at the bottom). hand-excavate to remove the 
soil from around the sides of the sampler. If hancl-excavation requires entry of the test pit, the 
requirements in Section 5.7.3.4 of this procedure must be followed. Prepare, label, pack and transport the 
sample in the required manner, .s described In SOP SA~.3. 

5.8.4 Backfilling of Trench .. and T .. t Pita 

All test pits and excavations must be either backfiDed, covered, or otherwise protected at the end of each 
day. No excavations shan remain open duringnon.working hours-unleA"adequately'COVered or otherwise 
protected. 

Before backfilling, the onslte crew shall photograph all Significant features exposed by the test pit and 
trench and shall include In the photograph a scale to show dimensions. Photographs of test pits shall be 
marked to include site number, test pit number, depth, description of feature, and date of photograph. In 
addition, a geologic description of each photograph shall be entered in the site logbook. All photographs 
shall be indexed and maintained as part of the project file for Mure reference. 

After inspection, backfill material shall be returned to the pit under the direction of the FOl. 
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If a low permeability layer is penetrated (resulting in groundwater flow from an upper contaminated Row 
zone ilito a lower uncontaminated flow zone), backfill material must represent original conditions or be 
impermeable. Backfill could consist of a soil-bentonite mix prepared in a proportion specified by the FOL 
(representing a permeability equal to or less than original conditions). Backfill can be covered by "clean" 
soil and graded to the original land contour. Revegetation of the disturbed area may also be required. 

6.8 Recorda 

The appropriate sample log sheet (see SOP SA~.3; Field Documentation) must be completed by the site 
geologist/sampler. All soil sampling locations must be documented by tying in the location of two or more 
nearby permanent landmarks (building, telephone pole, fence, etc.) and shall be noted on the appropriate 
sample log sheet, site map, or field notebook. Surveying may also be necessary, depending on the 
project requirements. 

Test pit logs (see SOP SA-6.3; Field Documentation) shalf contain a sketch of pit conditions. In addition, 
at least one photograph with a scale for comparison shan be taken of each pit Included in the photograph 
shall be a card showing the test pit number. Boreholes, test pits and trenches shall be logged by the field 
geologist in accordance with SOP GH-1.5. 

Other data to be recorded in the field logbook include the following: 

• Name and location of job. 
• Date of boring and excavation. 
• Approximate surface elevation. 
• Total depth of boring and excavation. 
• Dimensions of pit 
• Method of sample acquisition. 
• Type and size of samples. 
• Soil and rock descriptions. 
• Photographs. 
• Groundwater levels. 
• Organic gas or methane levels. 
• Other pertinent infQrmatlon, such as waste material encountered. 

LO REFERENCES 

American Society for Testing and Materials, 1987. ASTM Standards 01587-83 and D1586-&f. ASTM 
Annual Book of Standards. ASTM. Philadelphia, Pennsytvania. Volume 4.08. 

NUS Corporation, 1988. Hazardous Material Handling Training Manual. 
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The purpose of this Standard Operating Procedure (SOP) is to identify and designate the field data record 
forms. logs and reports generally initiated and maintained for documenting Tetra Tech NUS field activities. 

2.0 SCOPE 

Documents presented within this procedure (or equivalents) shall be used for all Tetra Tech NUS field 
activities. as applicable. Other or additional documents may be required by specific client contracts or 
project planning documents. 

3.0 GLOSSARY 

None 

4.0 RESPONSIBILITIES 

Project Manager (PM) - The Project Manager is responsible for obtaining hardbound. controlled
distribution logbooks (from the appropriate source). as needed. In addition. the Project Manager is 
responsible for placing all field documentation used in site activities (i.e .. records. field reports. sample 
data sheets. field notebooks. and the site logbook) in the project's central file upon the completion of field 
work. 

Field Operations leader (FOll - The Field Operations leader is responsible for ensuring that the site 
logbook. notebooks, and all appropriate and current forms and field reports illustrated in this guideline 
(and any additional forms required by the contract) are correctly used. accurately filled out. and completed 
in the required time-frame. 

5.0 PROCEDURES 

5.1 Site logbook 

5.1.1 General 

The site logbook is a hard-bound, paginated, controlled-distribution record book in which all major onsite 
activities are documented. At a minimum, the following activities/events shall be recorded or referenced 
(daily) in the site logbook: 

• AI field personnel present 
• Arrival/departure of site visitors 
• Arrival/departure of equipment 
• Start and/or completion of borehole, trench. monitoring well installation, etc. 
• Daily onsite activities performed each day 
• Sample pickup information 
• Health and Safely issues (level of protection observed. etc.) 
• Weather conditions 

A site logbook shall be maintained for each project. The site logbook shall be initiated at the start of the 
first onsite activity (e.g., site visit or initial reconnaissance survey). Entries are to be made for every day 
that onsite activities take place which involve Tetra Tech NUS or subcontractor personnel. Upon 
completion of the fieldwork, the site logbook must become part of the project's central file. 
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Information recorded daily in the site logbook need not be duplicated in other field notebooks (see Section 
5.2). but must summarize the contents of these other notebooks and refer to specific page locations in 
these notebooks for detailed information (where applicable). An example of a typical site logbook entry is 
shown in Attachment A. 

If measurements are made at any location. the measurements and equipment used must either be 
recorded in the site logbook or reference must be made to the field notebook in which the measurements 
are recorded (see Attachment A). 

All logbook. notebook. and log sheet entries shall be made in indelible ink (black pen is preferred). No 
erasures are permitted. If an incorrect entry is made. the data shall be crossed out with a single strike 
mark. and initialed and dated. At the completion of entries by any individual. the logbook pages used must 
be signed and dated. The site logbook must also be signed by the Field Operations leader at the end of 
each day. 

5.1.2 Photographs 

When movies. slides, or photographs are taken of a site or any monitoring location, they must be 
numbered sequentially to correspond to logbook/notebook entries. The name of the photographer, date, 
time, site location, site description, and weather conditions must be entered in the logbook/notebook as 
the photographs are taken. A series entry may be used for rapid-sequence photographs. The 
photographer is not required to record the aperture settings and shutter speeds for photographs taken 
within the normal automatic exposure range. However, special lenses, films, filters, and other image
enhancement techniques must be noted in the logbook/notebook. If possible, such techniques shall be 
avoided, since they can adversely affect the accuracy of photographs. Chain-of-custody procedures 
depend upon the subject matter, type of film, and the processing it requires. Film used for aerial 
photography, confidential information, or criminal investigation require chain-of-custody procedures. Once 
processed, the slides of photographic prints shan be consecutively numbered and labeled according to the 
logbook/notebook descriptions. The site photographS and associated negatives must be docketed into 
the project's central file. 

5.2 Field Notebooks 

Key fJeId team personnel may maintain a separate dedicated field notebook to document the pertirJent 
field activities conducted directly under their supervision. For example, on large projects with multiple 
investigative sites and varying operating conditions, the Health and Safety OffICer may elect to maintain a 
separate field notebook. Where several drill rigs are in operation simultaneously, each site geologist 
assigned to oversee a rig must maintain a field notebook. 

5.3 Sample Forms 

A summary of the forms illustrated in this procedure is shown as the listing of Attachments in the Table of 
Contents for this SOP. Forms may be altered or revised for project-specific needs contingent upon client 
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approval. Care must be taken to ensure that all essential information can be documented. Guidelines for 
completing these forms can be found in the related sampling SOP. 

5.3.1 Sample Collection, Labeling, Shipment, Request for Analysis, and Field Test Results 

5.3.1.1 Sample Log Sheet 

Sample Log Sheets are used to record specified types of data while sampling. Attachments B-1 to B-4 
are examples of Sample Log Sheets. The data recorded on these sheets are useful in describing the 
waste source and sample as well as pointing out any problems, difficulties, or irregularities encountered 
during sampling. A log sheet must be completed for each sample obtained. including field quality control 
(QC) samples. 

5.3.1.2 Sample Label 

A typical sample label is illustrated in Attachment B·S. Adhesive labels must be completed and applied to 
every sample container. Sample labels can usually be obtained from the appropriate Program source 
electronically generated in·house. or are supplied from the laboratory subcontractor. 

5.3.1.3 Chain.of-Custody Record Form 

The Chain-of·Custody (COG) Record is a multi·part form that is initiated as samples are acquired and 
accompanies a sample (or group of samples) as they are transferred from person to person. This form 
must be used for any samples collected for chemical or geotechnical analysis whether the analyses are 
performed on site or off site. One carbon less copy of the completed COC form is retained by the field 
crew, one copy is sent to the Project Manager. while the original is sent to the laboratory. The original 
(top. signed copy) of the COC form shall be placed inside a large Ziploc·type bag and taped inside the lid 
of the shipping cooler. If multiple coolers are sent but are included on one COC form, the COC form 
should be sent with the first cooler. The COC form should then state how many coolers are included with 
that shipment An example of a Chain·of·Custody Record form is provided as Attachment B-6. Once the 
samples are received at the laboratory, the sample cooler and contents are checked and any problems 
are noted on the enclosed COC form (any discrepancies between the sample labels and COC form and 
any other problems that are noted are resotved through communication between the laboratory point-of
contact and the Tetra Tech NUS Project Manager). The COC form Is signed and copied. The laboratory 
will retain the copy while the original becomes part of the samples' corresponding analytical data package. 

5.3.1.4 Chain-of-Custody Seal 

Attachment B-7 is an example of a custody seal. The Custody seal is an adhesive-backed label. It is part 
of a chain-of.custody process and is used to prevent tampering with samples after they have been 
collected in the field and sealed in coolers for transport to the laboratory. The cee seals are signed and 
dated by the samplers and affixed across the opening edges of each cooler containing environmental 
samples. COC seals may be available from the laboratory; these seals may also be purchased from a 
supplier. 

5.3.1.5 Field Analytical log Sheets for Geochemical Parameters 

Field Analytical log Sheets (Attachment B-8) are used to record geochemical andlor natural attenuation 
field test results. Attachments B-8 (3-page form) should be used when applicable. 

0196111P Tetra Tech NUS. Inc. 
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5.3.2 Hydrogeological and Geotechnical Forms 

5.3.2.1 Groundwater Level Measurement Sheet 

Page 
6 of 37 

Effective Date 
01/00 

A groundwater level measurement sheet. shown in Attachment C· 1 must be filled out for each round of 
water level measurements made at a site. 

5.3.2.2 Data Sheet for Pumping Test 

During the performance of a pumping test (or an in·situ hydraulic conductivity test). a large amount of data 
must be recorded. often within a short time period. The pumping test data sheet (Attachment C·2) 
facilitates this task by standardizing the data collection format. and allowing the time interval for collection 
to be laid out in advance. 

5.3.2.3 Packer Test Report Form 

A packer test report form shown in Attachment C·3 must be completed for each well upon which a packer 
test is conducted. 

5.3.2.4 Summary Log of Boring 

During the progress of each boring. a log of the materials encountered. operation and driving of casing. 
and location of samples must be kept. The Summary Log of Boring. or Boring Log. (Attachment C-4) is 
used for this purpose and must be completed for each soil boring performed. In addition. if volatile 
organiCS are monitored on cores. samples. cuttings from the borehole. or breathing zone. (using a PID or 
FlO). these results must be entered on the boring log at the appropriate depth. The "Remarks" column 
can be used to subsequently enter the laboratory sample number. the concentration of key analytical 
results. or other pertinent information. This feature allows direct comparison of contaminant 
concentrations with soil characteristiCS. 

5.3.2.5 Monitoring Well Construction Details Form 

A Monitoring Well Construction Details Form must be completed for every monitoring well. piezometer, or 
temporary well point installed. This form contains specifIC information on length and type of well riser pipe 
and screen, backfill, filter pack. annular seal and grout characteristics. and surface seal characteristics. 
This information is important in evaluating the performance of the monitoring well, particularly in areas 
where water levels show temporal variation, or where there are multiple (immiscible) phases of 
contaminants. Depending on the type of monitoring well (in overburden or bedrock), different forms are 
used (see Attachments C-5 through Cog). Similar forms are used for flush-mount well completions. 

5.3.2.6 Test Pit log 

When a test pit or trench is constructed for investigative or sampling purposes, a Test Pit log 
(Attachment C-' 0) must be filled out by the responsible field geologist or sampling technician. 

5.3.2.7 Miscellaneous Monitoring Well Forms 

Monitoring Well Materials Certificate of Conformance (Attachment C-") should be used as the project 
directs to document all materials utilized during each monitoring well installation. 

The Monitoring Well Development Record (Attachment C-12) should be used as the project directs to 
document all well development activities. 

0196111P Tetra Tech NUS. Inc. 
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5.3.3 Equipment Calibration and Maintenance Form 

Page 

7 of 37 

Effective Date 

01/00 

The calibration or standardization of monitoring, measuring or test equipment is necessary to assure the 
proper operation and response of the equipment. to document the accuracy, precision or sensitivity of the 
measurement. and determine if correction should be applied to the readings. Some items of equipment 
require frequent calibration, others infrequent. Some are calibrated by the manufacturer, others by the 
user. 

Each instrument requiring calibration has its own Equipment Calibration Log (Attachment D) which 
documents that the manufacturer'S instructions were followed for calibration of the equipment, including 
frequency and type of standard or calibration device. An Equipment Calibration Log must be maintained 
for each electronic measuring device used in the field; entries must be made for each day the eqUipment 
is used. 

5.4 Field Reports 

The primary means of recording onsite activities is the site logbook. Other field notebooks may also be 
maintained. These logbooks and notebooks (and supporting forms) contain detailed information required 
for data interpretation or documentation, but are not easily useful for tracking and reporting of progress. 
Furthermore, the field logbook/notebooks remain onsite for extended periods of time and are thus not 
accessible for timely review by project management. 

5.4.1 Daily Activities Report 

To provide timely oversight of on site contractors, Daily Activities Reports are completed and submitted as 
described below. 

5.4.1.1 Description 

The Daily Activities Report (DAR) documents the activities and progress for each day's field work. This 
report must be filled out on a dally basis whenever there are drilling. test pitting. well construction. or other 
related activities occurring which involve subcontractor personnel. These sheets summarize the work 
performed and form the basis of payment to subcontractors (Attachment E is an example of a Daily 
Activities Report). 

5.4.1.2 Responsibilities 

It is the responsibility of the rig geologist to complete the DAR and obtain the driller's Signature 
acknowledging that the times and quantities of material entered are correct. 

5.4.1.3 Submittal and Aooroval 

At the end of the shift. the rig geologist must submit the Daily Activities Report to the Field Operations 
leader (FOl) for review and fiUng. The Daily Activities Report is not a formal report and thus requires no 
further approval. The DAR reports are retained by the FOl for use in preparing the site logbook and in 
preparing weekly status reports for submission to the Project Manager. 

5.4.2 Weekly Status Reports 

To facilitate timely review by project management. photocopies of logbook/notebook entries may be made 
for internal use. 

0196111P Tetra Tech Nl!S, Inc. 
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It should be noted that in addition to the summaries described herE~in. other summary reports may also be 
contractually required. Attachment F is an example of a Field Trip Summary Report form. 

6.0 ATTACHMENTS 

Attachment A 
Attachment B-' 
Attachment B-2 
Attachment B-3 
Attachment B-4 
Attachment B-S 
Attachment B-6 
Attachment B-7 
Attachment B-8 
Attachment C-' 
Attachment C-2 
Attachment C-3 
Attachment C-4 
Attachment C-S 
Attachment C-SA 
Attachment C-6 
Attachment C-7 
Attachment C-S 

Attachment C-g 

Attachment C-' 0 
Attachment C-" 
Attachment C-'2 
Attachment D 
Attachment E 
Attachment F 

019611/P 

TYP~ALSITELOGBOOKENTRY 
EXAMPLE GROUNDWATER SAMPLE LOG SHEET 
EXAMPLE SURFACE WATER SAMPLE LOG SHEET 
EXAMPLE SOlUSEDIMENT SAMPLE LOG SHEET 
CONTAINER SAMPLE LOG SHEET FORM 
SAMPLE LABEL 
CHAIN-OF-CUSTODY RECORD FORM 
CHAIN-OF-CUSTODY SEAL 
FIELD ANALYTICAL LOG SHEET 
EXAMPLE GROUNDWATER LEVEL MEASUREMENT SHEET 
EXAMPLE PUMPING TEST DATA SHEET 
PACKER TEST REPORT FORM 
EXAMPLE BORING LOG 
EXAMPLE OVERBURDEN MONITORING WELL SHEET 
EXAMPLE OVERBURDEN MONITORING WElL SHEET (FLUSHMOUNT) 
EXAMPLE CONFINING LAYER MONITORING WELL SHEET 
EXAMPLE BEDROCK MONITORING WELL SHEET - OPEN HOLE WELL 
EXAMPLE BEDROCK MONITORING WElL SHEET - WELL INSTALLED IN 
BEDROCK 
EXAMPLE BEDROCK MONITORING WEll SHEET -
WELLINST ALLED IN BEDROCK (FLUSHMOUNn 
EXAMPLE TEST PIT LOG 
MONITORING WELL MATERIALS CERTIFICATE OF CONFORMANCE 
MONITORING WELL DEVElOPMENT RECORD 
EXAMPLE EQUIPMENT CALIBRATION LOG 
EXAMPLE DAILY ACTIVITIES RECORD 
FIELD TRIP SUMMARY REPORT 
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TYPICAL SITE LOGBOOK ENTRY 

Page 
9 of 37 

Effective Date 

01'00 

START TIME: DATE: 

SITE LEADER: 
PERSONNEL: 

TtNUS DRILLER SITE VISITORS 

--------------------
--------------------
--------------------

WEATHER: Clear. 68 0 F. 2·5 mph wind from SE 

ACTIVITIES: 

0196111P 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Steam jenney and fire hoses were set up. 

Drilling activities at well __ resumes. Rig geologist was . See Geologist's 
Notebook. No.1. page 29·30. for details of drilling activity. Sample No. 123·21·S4 collected; 
see sample logbook. page 42. Drilling activities completed at 11:50 and a 4·inch stainless 
steel well installed. See Geologist's Notebook. No.1, page 31, and well construction details 
forwell __ . 

Drilling rig No.2 steam·cleaned at decontamination pit. Then set up at location of 
well __ _ 

Well __ drilled. Rig geologist was . See GeologiSt's Notebook. 
No.2. page __ for details of drilling activities. Sample numbers 123·22-S1. 123-22·S2. 
and 123·22-S3 coRected: see sample logbook. pages 43.44. and 45. 

Well ___ was developed. Seven 55·gallon drums were filled in the flushing stage. The well 
was then pumped using the pitcher pump for 1 hour. At the end of the hour. water pumped 
from weB was -sand free.-

EPA remedial prQject manger arrives on ske at 14:25 hours. 

Large dump truck arrives at 14:45 and is steam·cleaned. Backhoe and dump truck set up 
over test pit __ _ 

Test pit dug with cuttings placed in dump 1rUck. Rig geologist was 
See Geologist's Notebook. No.1. page 32. for details of test pit 

activities. Test pit subsequently filled. No samples taken for chemical analysis. Due to 
shaDow groundwater table. filling in of test pit _ resulted in a very soft and wet area. A 
mound was developed and the area roped off. 

Express carrier picked up samples (see Sample Logbook. pages 42 ttvough 45) at 
17:50 hours. Site activities terminated at 18:22 hours. All personnel off site. gate locked. 

Field Operations leader 

Tetra Tech NUS. Inc. 
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ATTACHMENT B·' 

GROUNDWATER SAMPLE LOG SHEET 

Pa. of 

Sa~1e 10 No.: 
Sa~1e Location: ______ _ 
Sampled By: 
C.O.C. No.: 
Type of Sample: 
o Low Concentration 
o High Concentration 

DO 

• 
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( It] Tetra Tech NUS,lnc. 

Project Site Name: 
project No.: 

o Stream 
o Spring 
o Pond 
o Lake 
o Other: 
o QA Sample Type: 

Number 

SA·6.3 

Revision 

Page 

" of 37 
Effective Date 

01'00 

ATTACHMENT B·2 

SURFACE WATER SAMPLE LOG SHEET 

Pa. of 

Sample 10 No.: 
Sa~L~~: __________ __ 

Sampled By: 
C.O.C. No.: 

Type of Sample: 
o Low Concentration 
o High Concentration 

SAMPLING OAT A~· ~"{~ ... q"!."'" < .'~.,,~.~tL·: ;:t~~~+/,~'£':,'" '~,"'~·,;:·~·~ .. r:~t.~ :"'I',>~,,; '''\Ti'.';~~ I- :..:~~~~~~ ~'''''r.!i :Jlij' .. ".'~~~~'~ ::~ .~~~~~~rI: 

Date: Color pH S.C. Temp. Turbidity DO Salinity O\het 
Tone: (VIsual) (S.U.) (mS/crn fC) (N'1U) 1%1 

Method: 
SAMPLE COLLECTION.INFORMATION:;:r::\it!!!t~tlf':,'~~!"'oflIl~ ~~J-..tI_~'J.fl<\.,~ 

Pr.servatlve Conl.l .... Requlremenl8 Collected 

. SlgnalUre(a 

Tetra Tech NUS, Inc. 
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o Surface SoH o Subsurface Soil 
o Sediment 
o Other: o OA Sample Type: 

Number 

SA-6.3 

ReVISion 

ATTACHMENT B·3 

Page 
12 of 37 

Effective Dale 

01'00 

SOIL & SEDIMENT SAMPLE LOG SHEET 

Page of 

Sample 10 No.: 
Sample location: ______ _ 
Sampled By: 
C.O.C.No.: 

Type of Sample: 
o low Concentration o High Concentration 

08'e: Depth 'nt._' ColOf 

om.: 
Me'hocI: 
Monilo< Reading (~): 

Oa'.: T'me 0. th Inte,val 

Method: 

S,lMP.L£ C.oLI..ECTIQIlIJNFORIoIATIQN:i 
Ana Collectad 0.'* 

IERVA1~HOTE' 

CIupIIQ .. 1D No.: 
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ATIACHMENT 8·4 

( It)" .. 'O<h NUS," 

CONTAINER SAMPLE & INSPECTION SHEET 

Paae of 

Project Site Name: Sample ID No. _ 
Project Number: Sampled By: 
Site Identification: C.O.C. No. 
Container Number(s): Concentration: 0 High 
Sample Type: 0 Grab 0 Medium 

0 Composite 0 Low 

CONTAINER SOURCE CONTAINER DESCRIPTION 
DRUM: 

0 Bung Top COLOR: 

0 Lever Lock 

0 Bolted Ring 

0 Other CONDITION: 

TANK: MARKINGS: 

0 Plastic 

0 Metal 

0 Other VOL OF CONTENTS: 

OTHER: OTHER: 

,i~~;:.~~q.NI A,'.N~@.·· .' 
"·':;c C.QNTENIS:';'·' .' 

;. 

.'··~~~~·!:·'.'·QeSCRmIONsl,:; 
.. .. 

;~i~F~~;~:OISPgsITIQtl I",' ~;. '" -,.C. : ., ,:.: ,:"',", :"~';':' .. -. . .).c"~'-.'.. '!' 

SAMPLED: SINGLE PHASED: 

OPENED BUT NOT SAMPLED: 
Reason MULTIPHASE : 

Layer 1 Layer 2 Layer 3 
Phose (Sol. or 1.lQ.) -- -- --

NOT OPENED: Color -- -- --
Reason VIscosIty L MorH LMorH L. MorH 

% of Total VoIt.me -- --
. "~"~MON"OR~ING:~« :::f' ,-,~ 'SAMPlE:and /or"INSPECTION DATE. nME:·=::C::~ 

HIS. 
METHOD: 

"'''.ir]l''·'·SAM~m:anc:I~i'''";..r 
~~~~;;.PI!ei0im1~1VRe~~ 

~<~:< .. ; .. ~:;;::~~!'fp.~ .. :; .. ~;'i~ • ·:tz~~:f.~.· .:.::~ .~~:".~ .. :,~~ !;! 

0196111P Tetra Tech NUS. Inc. 
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Sample No: 

Date: Time: 

Analysis: 

Sampled by: 
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Revision 

1 

ATTACHMENT 8·5 

Project: 
Site: 

Location: 

I Matrix: 

I Preserve: 

Laboratory: 

Page 
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Effective Dale 

01/00 

Tetra Tech NUS, Inc. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



-
o 

~ 
~ 

i 
~ 
z c:: 
!JI 

~ 

- - - - - - - - - - - - - -
["'II:) TETRA TECH Nus, INC. CHAIN OF CUSTODY I NUMBER PAGE OF 

"-"RVo \sn._: PROJB:T MANAGER AND PHONE NUMBEIt LABORATORY NAME AND CONTACT: 

lURE) 1IONS LEADER AND I'ttONe NUMBER 
--- ·ADDRESS-------· - _. - . _._---

AV8IU. NUMllER CITY, STATE 

:""TAT9, IU n Miw. alw. n nlw. n ,_ n"_ 
~=-~777///////// 

... 
0: 
III 

~ 

2~ 
g 

! 
u 

ie !~ 
II. 
0 

TIllIE i i ....... ., ou 

--
--

------ ---- .. - - - ... - - --

. _- ------ -. .. _- --_._- . - .. 

-

.. _-.--

1. Dl'TE TIME 1 RECElllED BY D4TE I TIME 

2.RE BY ~TE TIME 2. RECEIVED BY D4Te- l-iIME--
3. Dl'TE TIME 3. RECEIVED BY D4TE I TIME 

YEUOW (fIElD COPY) -: ) PINK (FILE COPY) 
FORM NO TtNUS-COt 

-

l> 
--4 
-I 
l> n 
:I: 
s: 
fT1 
Z 
--4 
aJ 
a, 

-
." 

rn 
r 
o 
o 
o 
() 
c 
~ 
rn 
Z 
--4 
:f> 
--4 
o 
Z 

lJ 
~ 
s. 
VI 

g 

IT1 

~ 
~ 

(J) 
:f> 
!n 
w 

o l? I~ ..... - U1 -'" o 0 o .... 
w 
...... 

-
VI 
c 

oS!. 
~ 

Z 
c 
3 
~ 

"0 
<» 

~ 

-



Subject 

019611/P 

Number Page 

SA·6.3 16 of 37 
FIELD DOCUMENTATION RevIsion Effective Date 

1 01/00 

ATTACHMENT B·7 

CHAIN·OF·CUSTODY SEAL 

eJn18U81S CUSTODY SEAL 
.18 g Date 

1Y3S AaO~SnO §Ignaiiir. 
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ATTACHMENT B-8 

~ FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

Tetra Tech NUS. Inc. Page of 

Project Site Name: Samele 10 No.: 

I 
Project No.: Sa!!!!?!e Location: 
Sampled By: Duplicate: 0 
Field Analvst: Blank: 0 
Field Form Checked as per OAlOC Checklist (initials): 

I 
SAMPLING. DATA:. :':';', i, . .:. ~ , '1.<.;.;, -. "R~."~,,;".:l.C'i,~"''''':-:''j'''''l.~'''.j' :- '. '·I~~·'~"r".;""" .,~ ',:,,,,~.:w-~~ .... ,,~ .. ; ':·~~"' .. !"r~, ~~.~.-"l~.n:WfIIoo~"',j 
Oale: Color pH S.C. Temp. Turbidity DO Salinity Other 

Time: fV\ouaQ (S.U.I (mS/eml I"cJ (1'mJ) (_Ill I'HII 
Method: 

I 
SAMPLE COllECTION/ANALYSIS INFORMATION.····· ,.,:'1"':';< .. ,-":,,. i:·.·~ ... -t-J'.- • .• ot ... "!:!' a:~' ~ ,.t"~.l,"'':'(~;;tO.(I~.,·~.~t'r,fP:,1'l~'"""'(I'jT''~''''' 

ORP (Eh) (+1- mv): Elec!rode Meke , _I: 

Reterence Electrode (circle onel: Silver· Silver Chloride I Calomel I Hydrogen 

DI.lolved Ollygen: 

I 
Equipment HACH 0igiIa1 Tltretor Oll-oT CHEMettlcl (Range: __ mglL) AnaIy ... T_: 

Ra"911 UM<l: R_ Sample Vol. I eanri<!ge I Multipler nralion CounI I Multiplier J Concentration 

106n¢ 200mi D.2OON 0.01 .0.01 · ~ 2·10moo\ l00ml 0.200 N O.OI! .O.OI! · rng/\. 

I HEMetIIca: """'-
Not.: 

Alqllntty: AnaIyIII nne: 
EQUIpment. HACH Digital Tlt,.tor AL-oT CHEMeIIIcI (Ranoe: __ m;II.l "..,. 0 

I RalOl U .. ¢ RaM9II Simple Vol. jc~ I ~ nratiDneo.... .....,.., I Ccncentration 

l()040maIl l00ml o.llOON 0.1 & .0.1 · mall 
~1101IG'l. ft"" o.11OON 0.4 & .0.4 · ~ 

I 
l00-GlIIIIIl '00"" 1.IOON 1.0 & ., .. · mall 
2OO«I01IIIIIl 10"" ,.eooN 1.0 & .1.0 · ~ 100-2000I11III\. IOmi ,.eooN 1.0 & .1.0 · Il1O\. 

1000-<<I00 mall IOmI UooN 10.0 & .,0.0 · "9\. 

I I~ I~I c....... I ~ I 
CHEMeUiCI: ---"9'L 

I 
~ 

SIandatd AI:IcIIiaI* [] TIrInI MoIItIIy_ DigiII ~ IlL: --. -= 
CWbon Dlolilde: 

E~ HAOI DIgiIII TlIr8W CA-OT CHEMR1ce ("""' __ II¢I ~T_ 

I Ra'llt UMcI: ..... lSenIPe Vol \ClrIricIge \ ~. :T1IraIion ColIN I I CcncenIrdaft 

10.t0~ IOOmi O.3l3lN G.l .0.1 · ~ 

»1OO1IIIIIl 100 .... UI3IN 0.1 .0.1 · --'-
10D-1001IIOIl IOOmi , ... N '_0 1'" · "9\. 

I 200-1OGO II9'l 100 .... U.N ... .... · . rngI!. 

~MeIricII: --""",. 

Not.: 

Standald AdcIIIanI: [] TlnnI MaIerity"_ DigIII ReQuncI: IlL: 2nd.: 3nL: 

I 
I 0196111P Tetra Tech NUS. Inc. 
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I 
ATTACHMENT B·8 (Continued) 

~ FIELD ANALYTICAL LOG SHEET 

GEOCHEMICAL PARAMETERS I 
T tlr. Tech NUS. Inc, Page of 

Project Site Name: Same!e 10 No.: I 
Project No.: Sa !!!!Ie Location: 

Sampled By: Duplicate: 0 
Field Analyst: Blank: 0 
Field Form Checked as per OAlOC Checklist (initials): I I I 

S'&MPLE COLLECTIONI.&N.&LYSIS INFORMAlION:·" ~.:I''''. ~.~, ......... . ,~ ~,,-~, : • ..;,~: '.:j ~,~~; :;:~ ~ - -, .,. " . .. , 
!~~~~:. .... , •... 

Sulfide (52'): 

EQyipment OR·700 OR·S __ HS·WR Color Wheel Olher: AnalysIs TIme: I 
ProgramlModule: 610nm 93 

Concentration: mgll FUtered: 0 I 
Notel: 

Sulfate (SO.,,): 

Equipment DR-700 OM __ Other: AneIyslI Tme: 
I 

ProgranVModull: 111 

eoncentrllon: n¢ ""-0: 0 I 
Stenclllrd SoIUIIan: 0 RMuIta: 

0 ---
Standatd Additlonl: Digits Required: O,1m1=- O.2mi:_'_ O.3ml: ___ 

NOleS: I 
Nitrite (NOj-H): AnIIyIiIT-. 

EquIpnIIC: 0A-700 
DfI.I __ 

OIW: FIIMd: 0 I 
~11IU.: eo 

n¢ Re1gen18IIr* CorrecIan: 0 
SWdIId SoMIon: 0 FllNll:D 

Notea: I 
NIn .. (NOj-H): ~T-. 

~quipmInt 0A-700 
DA-e __ 

Ohr: FIIIIwd: 0 I 
Pr~ 66 

. - n¢ 

"""l1li"*- Tr-.mtre: 0 I 
StendIId ScJIuIIon: 0 AesuIII: AeIgInI'" ConICIcII:D 

0 -
StandIId AdcIIoN: 0IgIIa RIqunct: O.lm1: __ D.2mI=-O.3ml:-

Nolle: I 
I 

019611IP Tetra Tech NUS, Inc. I 
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ATTACHMENT B·8 (Continued) 

I ~ FIELD ANALYTICAL LOG SHEET 
GEOCHEMICAL PARAMETERS 

I 
Tetra Tech NUS,InC. Page of 

Project Site Name: Samele 10 No.: 

Project No.: Samele Location: 

I Sampled Bv: Duplicate: 0 
Field Analyst: Blank: 0 
Field Form Checked as per OAlOC Checklist (initials): I I 

I 
SAMPLE COLLECTION/ANALYSIS INfORMATION:'· . "'. ~ .~~,- "'~',' ........ 

._ ... .,.-
_ ... " ~''''''''~~'''';'' .... , I' ...,;···.04 »'!".' 

Manganese (Mnz.): 

Equipment: OR·700 OR-e __ HACH MN·S Other: ---- Analysis Time: 

I 
ProgramlModule: S25nm 41 

Concentration: n¢ Fm.red: 0 
Digestion: 0 

I 
Standard Solution: 0 Resutts: Reagent Blank Correction: 0 

0 ---
Standard Addilion$: Digils Required: 0.1m1: ___ 0.2m1: ___ 0.3mI: __ 

Not .. : 

I Ferroul Iron (Fe'.,: 

Equipmenl: [)fI.700 DR-8 __ IR·18C Cotot Wheel Other: AMIyaII TIme: 

Prog~: SOOnm 33 

I 
~Ion: II9'l "''''ered: 0 
!Notes: 

I 
Hydrogen SuIIde (Hal): 

HSoC . Ot-. ~TIme: 

II9\. ElICMdId 5.0 .. range on c:dDr chIIt 0 

I INaeII: 

I OAlOC Checkllt: 

!AI deIa fieIdI '-been compIeIecIaa ,......y: 0 
CorrICl meaauremenl unlls are ciIecI in lie SAMPLING DATA block: 0 

I 
"'1"- cited in the SAMPLING DATA block Ire comislent with the Groundwlter Sample Log Sheet: 0 
MuitpIIc:don ia GOrNCt lor NCh ~ 1IbIe: 0 
FNI caIuIIted concentretlon ...... "" Ippropria\I RMtge UNd block: 0 

I 
Alkalnlly R .. 1ionIhip Ie determined approprietly .. PIr manufacturer (MACH) inIItruetIonI: 0 
ONOC Ample ,I.g.. Std. AdcIitionI, etc.) frequency ia appropriate .. par the project planning cIocurnenll: 0 
Nitrile Intenerenee treatment was used 'or Nitrate teat if Nitrite was detected: 0 
lTiIIl block on uch page 0110IIII • Initialized by pelion who performed \hie ONOC Checklilt: 0 

I 
I 0196111P Tetra Tech NUS. Inc. 
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01'00 

ATTACHMENT C·, 
EXAMPLE GROUNDWATER LEVEL MEASUREMENT SHEET 

GROUNDWATER I.EVEI. MEASIJREMENT SHEET 

Project Name: Project No.: 

Location: Personnel: 
W •• tber Conditiooa: _____________ M ••• w1h1r nevi:.=oe::;:'--___________ --I 

Tidally Influenced: v.. No Remark.: 

:Wen or'" .' 
Pl •• om ... r Dete 

Numbor 

. . ............... . 
~:LEI.~.l:iC;DOt •. ' "'ToteL ...... :Water Le •• 1 .. Tb'clui"'o'Or ... Ddw.t~ 
T~. :. Ret ...... .,. Polet :w.,1 Depth iladi .. 1OI' Readle, iFr- l>roduc ... E1evaUoe' CODUD";I' 

(f .. e,' (_,. (tH&). . .. ~,"*I" (teel)":.: t· 
..•..• " .. " ..• " .. "... • .•. ! ••.• , .• 

·AI".....,.. .......... 6GI .... 

PaQe_ot_ 

Tetra Tech NUS, Inc. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
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1 01100 

I ATIACHMENT C·2 
EXAMPLE PUMPING TEST DATA SHEET 

I ( itlTetra Tech NUS,lnc. PUMPING TEST DATA SHEET 

I PROJECT NAME: PUMPING WELL NUMBER: 
PROJECT NUMBER: MEASURED WELL NUMBER: 

[ J PUMPING TEST [ J STEP DRAW DOWN TEST -_._------_ .. _-_ ... --------- .. - . •• _ .----___ .... 0 •• .. ..--_ ... _ .. .. -

I 
~r;~~t _____ ..... .• __ . ____ ._~~~~OR~~(l .. ~~~_'_. _ .. ------- ... -----
MEASURE~ENT !-4ET.HOO: ... ._. _____ . _. _ D~~~OR~E~!ION (II): ._---_ .. - -- ._.-
TEST NUMBER: .. - .. .. _~U~!.'~IE:n:ING (ft. bel~~?~rto~ng po,nt): .. __ . __ 
~!A.±!9 WATE-~=liVEl-il\t. .. -- --_ ... _--- - DISTANCE FROM PUMPING WELL (I\)~ --

I 
PERSONNEL: -_. . -----._- -- - .. ... _- _._--- -----
REMARKS: ... . .. -... --- ... 

-_ .. _-----_._- .. _--- - --- .", -------

I 
ELAPSED 

DRAW FLOW 
TIME SINCE WATER 

MILITARY PUMP LEVEL 
CORRECTION OOWNOR PUMPING METER 

REMARKS 
nME START OR (Ft) 

(Fl.) RECOVERY RATE (GPM) READING 

c •• STOP (Min.) 
(Fl.) (G.II.) 

I 
I 
I 
I 
I 
I 
I 
I 
I NOTE: AII~" to nureat 0.01 fool mnaur.d from top of ... rtMr pipe ..... 0CheIwIM noted. 

I 0196111P Tetra Tech NUS, Inc. 
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SubjeCt Number 

SA-6.3 
FIELD DOCUMENTATION RevISion 

1 

ATTACHMENT C-4 

( it]Tetra Tech NUS, Inc. BORING LOG 
PROJECT NAME: 80RINGNo.: 
PROJECT NUMBER: DATE: 
DRILLING COMPANY: GEOLOGIST: 
DRILLING RIG: DRILLER: 

MATERIAL DESCRIPTION _. - -., '-pIe 
LA_ ....•.. 

U .... \Pl., r_ -.... -- • .... .. IOQCI I (Dope ..... , ... _,.. 
e , .... ..... 1"1 '-pIe - CoN ... ...., 

.... 0 No. ........ -c- O< Color M.t""., CI.alfleetton a 
"'t.-wlll ...... -

/ 
./ 
/" 
L 
./ 
./ 
./ 
lL 
./ 
/' 
/' 
./ 
/' 
V 
V 
/' 
./ 
/' 
./ 
V 
/' 
./ 
/' 
./ 
./ ._-..... ----. - .......................... 1001_ • .......-. _'-. ........... _...-_. 

Remarlca: 

Converted to Well: V .. No WoUI.D.': -
0196111P 

Page 

23 or 37 

Effective Date 

01100 

Page_of_ 

--.. 1-

Ii l ~ Remarks 

I 

DrIIIng AIoa 
Background (ppm):c:::J 

Tetra Tech NUS, Inc. 
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Subject Number 

SA·6.3 
FIELD DOCUMENTATION ReviSIon 

ATTACHMENT C·S 

Page 

25 of 37 

Errective Date 

01/00 

EXAMPLE OVERBURDEN MONITORING WELL SHEET 

BORING NO.: 

~ OVERBURDEN 
MONITORING WELL SHEET 

DRILLER 
PROJECT LOCATION DRILLING 
PROJECT NO. BORING METHOD 
ELEVATION DATE DEVELOPMENT 
FIELD GEOLOGIST MeTHOD 

ELEVA TlON OF TOP OF SURFACE CASING: • ELeVA TlON OF TOP OF RISER PIPE: 
..--

STICK· UP TOP OF SURFACE CASING. 

GROUND 
STICK· UP RISER PIPE: 

ELEVATION ~ I'l... TYPE OF SURFACE SEAL: 

~ I>-" 
1.0. OF SURFACE CASING: 
TYPE OF SURFACE CASING' 

RISER PIPE 1.0. 
TYPE OF RISER PIPE: 

BOREHOLE DIAMETER: 

TYPE OF BACKFILL: 

ELEVATION/DEPTH TOP OF SEAl: / 

TYPE OF SEAL: 

DEPTH TOP Of SAND PACK: 

ELEVATION/DEPTH TOP OF SCRUN: l. 
- TYPE OF SCREEN: -- SLOT SIZE • LENGTH: --- 1.0. OF SCREEN: ----- TYPI! OF SAN~ PAOC: -----

• 
ELEVATION' DEPTH BOTTOM OF SCREEN: L. 
ELEVATION' DEPTH BOTTOM OF SAND PACK: l 
TYPE OF IAOCFILLIELOW OBSERVATION 
WELL: 

ELEVATION, DEPTH OF HOU: I. 

019611IP Tetra Tech NUS, Inc. 
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1 01100 I 
ATTACHMENT C·5A I 

EXAMPLE OVERBURDEN MONITORING WELL SHEET (FLUSHMOUNn 

. -- BORING NO.: 

~. MONITO~.ING W.ELl SHEET . .... . .. - . 

I 
I 

DRILlfR 
PROJECT LOCATION DRILLING 
PROJECT NO. BORING M£THOO 
ELEVATION DATE DEVELOPMENT 
FIELD GEOLOGIST METHOD I 
~Cro"nd 

[I ..... ho" ----= f-nE:VATION TOP OF RIStR: 

~ 
.... 
~ . :~:~ .. . ...... '. , .. !: ..• f-TYPE or SURFACE S[A~ 

I 
"UI" mounl TYPE OF PROTECTIVE CAS/HC: 
lurtoce ~~ 
";"'1 loCk 1.0. OF' PROTECTIVE CASING: 

)AM(lEft OF HOLE: I 
., 

nPE OF RISCR PIP!:: 

RISER PIPE I.D.: I 
TYPE OF' BAQ(I'ILL/SEAL: 

I 
I 

Q£P"IH/tUVAlIClH TCP OF SAHD: l. 
10', :;, l;: 
1/ ) 
f ~.! " f t D(P"lHjtL£VA noN TOP OF sa.aN: 

I: = "1 nP' OF SCMEN: r; = !.) 
to, - ':1 nOT snl: • LI:HCTMI 

t~ = ',:, 
tt=::, 
,~ = ~.~ ., - . 

T'I1"£ OF SNIO PACK: !.i - ~. 
( - ~I 
L:' =.:, D' ...... EltR OF "01.£ IN eEDROOC: 

;; = ~~ r-DEJ>1H/tU:VAlIOH 'OlTON OF sataN: l. ,·-V 0£P1Hjt\.£VA1IClH eoTTOM OF SAND: 
, 

ai :t:.'1, 
~ r-oc:c-1HJ[L£VA1ION eoTTOM Of HOU: 

, 
eACKt'l\.L ... AltRIAI. enow SAHOI 

..ur .. _" __ 

I 
I 
I 
I 
I 
I 

019611/P Tetra Tech NUS, Inc. I 
I 
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Subject Number 

SA·6.3 
FIELD DOCUMENTATION 

ATTACHMENT C·6 

Page 

27 of 37 

Effective Date 

01/00 

EXAMPLE CONFINING LAYER MONITORING WELL SHEET 

~. 
BORING NO.: ____ _ 

CONFINING LAYER 
MONITORING WELL SHEET 

PROJECT _______ _ LOCATION ______ _ 
DRILLEP. _______ _ 

DRILLING 
METHOD------_ 
DEVELOPMENT 

PROJECT NO. _____ _ BORING _______ _ 
ELEVATION ______ _ DATE ________ _ 

FielD GEOLOGIST-------------___ _ METHOD 

019611/P 

GROUND 
eLEVATION 

..... ..------~- Et.EVATION OF TOP Of SURFACE CASING: 
ELEVATION OF TOP OF RISER PIPE: 
ELEVATION TOPOF PERM. CASING: 
TYPE OF SURFACE SEAL: _______ _ 

1.0. OF SURFACE CAS1NG:.-------
TYPE OF SURFAce CASING: ______ _ 

~-+- RISER PIPE 1.0. 
l'YPE OF RISER P::,~PE~·---------

~-+- BOREHOle DIAMETER: _______ _ 

>--+- PERM. CASING 1.0. 
TYPE OF CASING & BACKFILL: _____ _ 

ELEV.TlON I DEPTH TOP CONFINING l.AYER: 
UEV.TION I DEPTH BOTTOM 01' C.ASlNG: 
iLEV. TION I DEPTH lOT. CONFINING L.A YEP.: 

tz._--.j- BOREHOLE DIA. BELOW CASING: ____ _ 
~--_+- TYPE OF B.ACIC'IU: 

'" '---1._ ELEV. TION I DEPTH TOP OF S£.AL: 
TYPE 0' SE.A1.: 

.... 1--_+-. DEPTH TOP Of SAND PACK: 

ELEV.T10NIDEPTH TOP OF SCUEN: TYPE OF SCREEN: _________ _ 

TYPe Of $.AND P.CK: ________ _ 

---"-- ELEV.A liON I DEPTH BOTTOM OF SCREEN: 

---+- EUV.A TION I DEPTH BOTTOM OF $.AND P.CK: 
TYPE OF IAClCIILL BELOW 08SEItV. TION W6lL: ____________ _ 

ELEV.ATlON I DEPTH OF HOLI: 

Tetra Tech NUS, Inc. 
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FIELD DOCUMENTATION RevIsion Effective Date 
1 01/00 I 

I 
ATTACHMENT C·7 

EXAMPLE BEDROCK MONITORING WELL SHEET· OPEN HOLE WELL 

(~l 
BORING NO.: 

BEDROCK 
MONITORING WELL SHEET 

OPEN HOLE WELL 

I 
I 

ORILLER 
PROJECT LOCATION DRILliNG 
PROJECT NO. BORING METHOD 
ELEVATION OATE DEVELOPMENT 
FIELD GEOLOGIST METHOD I 

£lEVA nON OF TOP OF CASING: .. 
STICK UP OF CASING ABOVE GROUND 
SURFACE: I 

GROUND 

& iY= ELEVATION TYPE OF SURFACE SEAL: 

I 
~:~ 

~ 1.0. OF CASING: 
TYPE OF CASING: 

~ TEMP. I PERM.: 

I 
I 
I 

DIAMETER OF HOLE: 

TYPE OF CASING SEAL: , 
T.O.R. , I 

=1I1_!Jt i~-:I DEPTH TO TOP OF ROCK: 

~'" III~' 
DEnH TO BOTTOM CASING: 

"1m Em 
DlAMmR OF HOLI IN BEDROCK: 

I 
DESCRIIE., (OM I RIAMIO WITH err: 

I 
DESCRIBE JOINTS IN BEDROCK AND DEPTH: I 

I 
III :: 
:: III 
I"EmE 

EL£VATION' DEPTH Of HOLE: l. I 
I 

019611JP Tetra Tech NUS. Inc. I 
I 
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ATTACHMENT C·S 

Effcctive Date 
01/00 

EXAMPLE BEDROCK MONITORING WELL SHEET· WELL INSTALLED IN BEDROCK 

(~J 
lORING NO.: ____ _ 

BEDROCK 
MONITORING WELL SHEET 

WELL INSTALLED IN BEDROCK 

PROJECT _______ _ LOCATION ______ _ 
DIUl.LER ______ _ 

DRIl.UNG PROJECT NO. _____ _ 
ELEVATION ______ _ 

BORING _______ _ 
DATE ________ _ 

METHOD ______ _ 

FIELD GEOlOGIST _______________ _ DEVEl.OPMENT 
METHOD 

GROUND 
ELEVATION 

0196111P 

_--.... --+-- El.EVA TlON OF TOP Of SURfACE CASING: 

1+----1'-- STICK UP Of CASING ABOVE GROUND 
SURFACE: 

elEVATION TOP OF ~ISeR: 
~~t- TYPE OF SURFACE SEAL: ______ _ 

---If--I.D. OF SURFAce CASING: ______ _ 

--+- DIAMETER OF HOLE: _______ _ 

--t- RISER PIPE 1.0.: = ________ _ 
TYPE OF RISER PIPE: _------_ 

---It-- TYPE OF BACKFIU: ________ _ 

I M'"-t"- ELEVATION I DEPTH TOP OF SEAL: 
-=-'- ELEVATION I DEPTH TOP OF 8EDROCK: 
__ -I-- TYPE OFSEA.L: _________ _ 

~--r-- ELEVATION I DEPTH TOP OF SAND: 

~-.-- 11iVATION I DEPTH TOP OF SCIlEIN: 
TYPI OF SCRE£N: ________ _ 

SlOTSlZlx LENGTH: _______ _ 

LD_ SCREEN: __________ _ 

---+-- TYPE OF SAND PACK: _______ _ 

---+- DIAMETER OF HOLE IN BEDROCK: 
CORE/RtAM: ______________ _ 

T1T"--+-- ELEVATION' DEPTH BOTTOM KAlIN: 

ELEVATION' DEPTH BOTTOM OF HOU: 

./ 

, 

I 
I 

Tetra Tech NUS, Inc. 
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ATTACHMENT C·g 
EXAMPLE BEDROCK MONITORING WELL SHEET 
WELL INSTALLED IN BEDROCK (FLUSH MOUNT) 

Effective Date 

01100 

SOiliNG NO.: -----1 
BEDROCK 

MONITORING WEll SHEET 
WELL INSTALLED IN BEDROCK (~J 

PROJECT: _________ _ LOCA~ON: ___________ .\OR~R.~---------
PROJECT NO.: _____ _ BORING: DRLLlNG W(1)400: ______ _ 

DATE: ------------\ DE'iI1OPMENT 
W(1)400: 

Vlr:A.:.i>~""f'I'!>E Of SVRr"CE SEAL: _______ _ 

IA~,......-t_T"IPE or PROTEeT1\/[ C ... SINc:: _____ ~_ 
1.0. OF PROTECTI\/[ C ... SlNC: ______ _ 

tho''''''-r-CIlAAI(TE:R or HOLE: _________ __ 

~o_~-f'I'!>[ or RISCR PIPE: _________ _ 

RISER PIPE I.D.: __________ _ 

~+____if_T'tP[ or 8ACJ<FIU./S(AL: _________ _ 

,.......t_O£ .. 'lI1l1tLE·V ... T1OH TOP or BEDROCk: 

I 

I 

mot: 01" SCRaM: _________ _ 

SLOT SIZE • I..DIG'1l4: ________ _ 

";l::t,i+--+-Tnl'( or SANO PACK: ________ _ 

I 

( 

Tetra Tech NUS. Inc. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
.1 
1 
1 
I 
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I FIELD DOCUMENTATION Revision Effective Date 
1 01/00 

I 
ATTACHMENT C·l0 

I 
EXAMPLE TEST PIT LOG 

I ( TEST I'IT LOG [ It] Tel,. Tech NUS. Inc. I -
~"OJECT: TEST,.IT NO.: 

~IIOJICTNO DATI; 

I LOCATION: 
'IILO GEOLOGIST: 

I ""ATTIIIAL CESCIU,.nON 

~ ... III ""A ilKS - _ . 
ISoll D.mJ1V IConsis1ency, Color) ..... -, VICI 

I --
I ~ ------
I ---
I -

~ 

~ 

~ 

I ~ 

'_~Cr .. '-."""''''''_ 

I 
I 
I 1t1 ...... UCS 

.. - .. - . . 

I 
I'HOTOLOG 

TlST'" 

~AGI_.Of _ 

I 
I 0196111P . Tetra Tech NUS, Inc. 
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ATIACHMENT C·" 
EXAMPLE CERTIFICATE OF CONFORMANCE 

I • 

Effective Date 

0"00 

II! 

I 

f 
~ .. 

Tetra Tech NUS. Inc. 
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ATTACHMENT C·12 

Page 
33 of 37 

Effective Dale 

01'00 

EXAMPLE MONITORING WELL DEVELOPMENT RECORD 

I 
1) 

I 
~ 
a. 

Tetra Tech NUS,Inc. 
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ATTACHMENT 0 
EXAMPLE EQUIPMENT CALIBRATION LOG 

j~1 

"0"'" e 0 "Oz 

~ .:; 
~ 

Z 0 
0 ~ 

i 
w 
:E i:i. Qi « w z c:: , 
0- f} :::J ~ ::l 

~ I ~ 
z 

i ... ... 
~ 

i z lH 
1&1 

e"O 
Ziic 
, 

l' 
'.", .. 
:~t~ '. 

!!i 
l a 
1&1 

~ 111 
~ 
j 

.. 

! d 
I ~ 

z 
.... g 

~ 
g 

~ ~ i ~ 

91 

8li 
" 

0196111P 

Page 
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Effective Date 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I Subject Number Page 

SA·S.3 35 of 37 

I FIELD DOCUMENTATION Revision Effective Date , 01100 

I 
I 

ATIACHMENTE 

1\ TenT ec:h NUS, Inc;. DAILY ACTIVITIES RECORD 

I PROJECI' NAME: PROJECI' NUMBER: 

CLIENT: LOCATION: 

I DATE: ARRIVAL TIME: 

T. NUS PERSONNEL: DEPARTURE TIME: 

CONTRACI'OR: DRD-LER: 

I QUANTITY QUANTITY PREVIOUS CUMULAID'E 
ITEM ESTIMATE TODAY TOTAL QUANTITY 

QUANTITY roDAn: 

I 
I 
I 
I 
I 
I 
I 

COMMENTS: 

I 
I 

APPIlOVED BY: 

It NUS REPlU!SENTATiVE DJULU!R 

I 
DATE: 

I 0196"1/P Ten Tech NUS. Inc. 
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SUNDAY 
Date: 
Weather: 

Site Activities: 

MONDAY 
Date: 
Weather: 

Site Activities: 

TUESDAY 

Date: 
Weather: 

Site ActiYiIies: 

WEDNESDAY 
Date: 
Weather: 

Site Ac1iviIIes: 

019611IP 

Number Page 
SA·6.3 36 of 37 

Revision Effective Date 
1 01'00 

ATTACHMENT F 
FIELD TRIP SUMMARY REPORT 

PAGE 1 OF 2 

Personnel: 
Onsite: 

Personnel: 
Onsite: 

Personnel: 
Onske: 

Personnel: 
Onsite: 

Telra Tech NUS. Inc. 
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ATTACHMENT F 
PAGE 20F 2 
FIELD TRIP SUMMARY REPORT 

THURSDAY 

Date: 
Weather: 

Site Activities: 

FRIDAY 
Date: 
Weather: 

Site Activities: 

SATURDAY 

Date: 
Weather: 

Site Activities: 

Number Page 
SA-6.3 37 of 37 

ReVIsion Effective Date 
1 01100 

Personnel: 
Onsite: 

Personnel: 
Onsite: 

Personnel: 
Onsite: 

Tetra Tech NUS, Inc. 
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Subject 

01Qf1lU/P 

STANDARD 
OPERATING 

PROCEDURES 

DECONTAMINATION OF FIELD EQUIPMENT 
AND WASTE HANDUNG 

TABLE OF CONTENTS 

SECTION 

Number 
SA-7.1 

EffectIve Date 
03/16/98 

Applicability 

Prepar.d 

Page 
lof9 

Earth Sciences Oepanment 

Approved "" D.Senovich 

1.0 PURPOSE • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 2 

2.0 SCOPE • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 2 

3.0 GLOSSARY ••••••.•.•••••• : • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 2 
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The purpose of this procedure Is to provide guidelines regarding the appropriate procedures to be 
followed when decontaminating driling equipment. monitoring well materials. chemical sampling 
equipment and field analytical equipment. 

2.0 SCOPE 

This procedure addresses drBling equipment and monitoring well materials decontamination, as well as 
chemical sampling and field analytical equipment decontamination. This procedure also provides general 
reference information on the control 01 contaminated materials. 

3.0 GLOSSARY 

Acid - For decontamination of equipment when sampling for trace levels of Inorganlcs, a 10% solution 
of nitric acid In deionized water should be used. Due to the leaching abltty of nitric acid, It should not 
be used on stainless steel. 

Alconox/Uguinox - A brand of phosphate-free laboratory-grade detergent. 

Deionized Water - Deionized (analyte free) water Is tap water that has been treated by paSSing through 
a standard deionizing resin column. Deionized water should contain no detectable heavy metals or other 
inorganic compounds at or above the analytical detection limits for the project. 

Potable W ..... Tap water used from any municipal water treatment system. Use of an untreated 
potable water supply Is not an acceptable substitute for tap water. 

Solvent • The solvent of choice Is pestJclde-grade Isopropanol. U .. of other soMtnts (methanol, 
acetone, pestJcide-grade hexane, or petroleum ether) may be requIrad for particular projects or for a 
particular pwpose (e.g. for the removal of concentrated waste) and must be justlled In the project 
planning documents. As an example, • may be necessary to use hexane when anaIyD1g for trace I8WIIa 
of pestIcidee, PCBa, or fuaIa. In addIIon, because many of Ihata ldvInIIare nat rnIIcIbIe In Water, the 
eqt.dprI'In Ihodd be .. dried prior to use. ScMnIs shadd nor be .... on PVC equIprneiwt. or .... 
construction materIIIL ~ . '.. '. ... . . 

4.0 RESPONSIBlunes 

Prolect u...., . Responsible for ensuring that an field activities are conducted In accordance wth 
approved project plan(s) requIremenIs. 

field 0DnU0I- LIad. fFOIJ • ResponsIble for the onsIte V8I'IIIcaIIaI. that .. fteId acdYIJes are 
performed In compIIInce wIh approved Standards OperatIng Proced\.118 or U 0IheI wtse d1ctated by 
the approved project plan(s). 

1.0 PROCEDURES 

To ensure thai analytical chemical reUta raIIect actual COI'1taI1W1ant COIlt&lbador. present at aarnpIkIg 
locations, the various driling aquipr'tMn and chemical sampling and analytical equIpmer« used to acq&R 
the erMroIerntn sample must be property decontaminated. DecontamInIIIan mII •• 1izes the potendal for 
CfOIKOntamInado between sampling Ioc:atIon8, and the transfer of contamination· off de. 

l.1 
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Prior to the initiation of a drilling program. all drBling equipment Involved in field sampling activities shall 
be decontaminated by steam cleaning at a predetermined area. The steam cleaning procedure shall be 
performed using a high-pressure spray of heated potable water producing a pressurized stream of steam. 
this steam shall be sprayed directly onto all ufaces of the various equipment which might contact 
environmental samples. The decontamination procedure shall be performed untl all equipment Is free 
of all visible potential contamination (dirt, grease. 01. noticeable odors. etc.) In addition. this 
decontamination procedure shall be perlormed at the completion of each sampling and/or driling 
location. Including soH borings. Installation of monitoring wells. test pita. etc. Such equipment shill 
Include drilling rigs. backhoes. downhole tools. augers. well casings. and screens. Where the driling rig 
Is set to perform multiple borings at a single area of concem. the steam-cleanlng of the driling rig itself 
may be waived with proper approval. Downhole equipment. however. must always be steam-cleaned 
between borings. Where PVC well casings are to be Installed. decontamination Is not required If the 
manufacturer provides these casings In factory-sealed. protective. plastic sleeves (so long as the 
protective packaging is not compromised untO Immediately before use). 

The steam cleaning area shall be designed to contain decontamination wastes and waste waters and can 
be a lined excavated pit or a bermed concrete or asphalt pad. For the latter. a floor drain must be 
provided which Is connected to a holding facUlty. A shallow above-ground tank may be used or a 
pumping system with discharge to a waste tank may be Installed. 

In certain cases such an elaborate decontamination pad Is not possible. In such cases. a plastic lined 
gravel bed pad with a collection system may S8N8 as an adequate decontamination area. Alternately. 
a lined sloped pad with a coIectIon pump InstaIed at the lower end may be pennlsslble. The location 
of the steam cleaning area shall be onsIte i1 order to minimize potentIaIlmpacta at cerIaIn ..... 

Guidance to be used when decontamlnetlng drllng equipment shall Include: 

• As a general rule, any part of the driling rig which extends over the borehole, shall be 
steam cleaned. 

.. 
• AI drllng roda, augers, and any aItw equipment which wi be Introduced to the hole IhII 

be steam cleaned. 

PrIor to leaving at the end of each work day 1Id/« at the completion m the drlllng program, drIIng rigs 
lid transport vehicles used onsIte for personnel or equipment transfer shaD be Iteam cleaned. • 
practicable. A drlling rig left at the driling location does not need to be steam cleaned und I. IIII1shed 
driling at that location. 

1.2 IImpHng Eaulpm!!!l 

1.2.1 . .. ... and BalIng LIne 

The potential for crosa-contanntI tMitw.I.8M1PI1ng points through the U88 of a.Co.i1mon .... « 
b atIached line 18 high unless strfct procechn. for decontamination are followed. For this reason, It 18 
preferable to dedicate an individual baler and lis line to each sample point, although this does not 
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eliminate the need for decontamination of dedicated bailers. For non-dedlcated sampling equipment 
the following conditions and/or decontamination procedures must be followed. ' 

Before the Initial sampling and after each successive sampling point, the baler must be decontaminated. 
The following steps are to be performed when sampling for organic contaminants. Note: contract
specific requirements may permit alternattve procedures. 

• Potable water rinse 
• Alconox or Uqulnox detefgent wash 
• Scrubbing of the line and baler with a scrub brush (may be required If the sample poW Is 

heavtly contaminated with ~vy or extremely viscous compooods) 
• Potable water rinse 
• Rinse with 10 percent nitric acid solution' 
• Deionized water rinse 
• Pesticlde-grade Isopropanol (unless otherwise required) 
• Pestlclde-grade hexane rinse" 
• Copious distilled jDeionized water rinse 
• Air dry 

If sampling for volatile organic compounds (VOCs) only, the nitric acid, isopropanol, and hexane rinses 
may be omitted. Only reagent grade or purer solvents are to be used for decontamination. When 
solvents are used, the bailer must be thoroughJy dry before USing to acquire the next sample. 

In general, specially purchased pre-cleaned disposable sampling equipment Is not decontaminated (nor 
Is an equipment rinsate blank collected) 80 long as the IUppiler has provided certlftcation of deaJllhBIa. 
If decontamination Is performed on several balers at once Q.e., In batches), ..... not immediately U8ed 
may be completely wrapped In aJuminLm tal (shIny-slde toward equlpmert) and stored for fmn use. 
When batch decontamination Is performed, one equipment rlnsate Is generaIy coIected from one of the 
baHers belonging to the batch before It Is used for sampling. 

It Is recommended that clean, dedicated braided nylon or polypropylene line be employed WIth each 
baler use. 

1.2.2 Sampling Pumpt 

Most sampling P'I'f1PI .. low vdmMt (less thin 2 gpm) Pf.II1PI. These Include pei Iataftk:t cIIptngm, 
air-llft. pltcha' and bladder ~ to name a f8w. If these pwnps .. used for sampling from more INn 
one sampling poIrt, they must be decotUminated priOr to InIIII use and after each .... 

The proceduras to be used for cIec:onIanW1ati of sampling pumps compare to those used for a baler 
except that the 10 percent nIbtc acid ICJk6)n Is omitted. Each of the liquid fadIon8 Is to be pg11p8d 
through the system. The arnot.n of pwnpIng Is dependent upon the atze of the pump and the IengIh 
of the Intake and discharge hoses. CertaIn types of pumps are unacceptable for aampIIng JUPClIII 
For pet1staItIc pumps. the tubing Is rapIac:ed rather than clMnId. 

• Due to the leaching ablily m nitric acid on ltaJnIess steel, this step Is to be omitted I a stainIeea 
steel sampling d8vIce Is being used and metal. analysis Is raC:tuncI wIh detection 11mb less than 
appIoxImateIy 50 ppb. 

•• If sampling for pesticides. PCBa, or fuels. 
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An additional problem is introduced when the pump relies on absorption of water via an inlet or oudet 
hose. For organic sampling, this hose should be Teflon. Other types of hoses leach organics (especially 
phthalate esters) Into the water being sampled or adsorb organics from the sampled water. For all other 
sampling, the hose should be Viton, polyethylene, or polyvinyl chloride Olsted In order of preference). 
Whenever possible. dedicated hoses should be used. It Is preferable that these types of pumps not be 
used for sampling. only for purging. 

5.2.3 Flnwlng Equipment 

On occasion. the sampling plan may require acquisition of filtered groundwater samples. FleId-tltaring 
Is addressed In SOP SA-6.1 and should be conducted as soon after sample acquisition as possible. To 
this end, three basic filtration systems are most commonly used: the In-llne disposable Teflon titer, the 
inert gas over-pressure filtration system, and the vacuum filtration system. 

For the In-llne flter, decontamination is not required since the filter cartridge Is disposable, however, the 
cartridge must be disposed of in an approved receptacle and the intake and discharge lines must stll 
be decontaminated or replaced before each use. 

For the over-pressure and the vacuum filtration systems. the portions of the apparatus which come In 
contact with the sample must be decontaminated as outlined In the paragraphs describing the 
decontamination of bailers. (Note: Varieties of both of these systems come equipped from the . 
manufacturer with Teflon-llned surfaces for those that would come Into contact with the sample. These 
filtration systems are preferred when decontamination procedures must be employed.) 

5.2.4 Other Sampling Equipment 

Field tools such 88 trowels and mbdng bowls are to be decontaminated In the same manner as descrtbed 
above. 

5.3 field Analytical Equipment 

5.3.1 

Water level indicators that come Into contact with groundwater must be decontaminated using the 
foIcMIng slape: 

• Rinse with poIabIe water 
• RInse with deionized water 

Water level IndIcatorI that do not coma In coract with the groundwater but may ericourur lncldelltal 
contact during installation 01' ratrievaI need oriy undergo the first and last steps stated above. 

5.3.2 Probes 

Probes (e.g.. pH 01' apecIIc-lon electrodes, geophysical probes, or thermomatn) which wc:x*i come 
In direct contact will the sample. wi be deconraminated using the procec:hnllpecilled above ...,... 
rnanufacturar'a inItructIons indicate otherwise (e.g.. dissolved oxygen pnm.). Probes that conIIIct • 
voIwne d gnxntwater not used for laboratory analyses can be rinsed with deionized water. FOI' probes 
which make no dIrad contact, (e.g.. OVA equipment) the probe II aeIf-delRng when a>epoIIft to 
uncontaminated air Is aHowec:I and the housing can be wiped clean with paper-towels 01' cloth wetted witt 
alcohol. 
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For the purposes of these procedures. contaminated materials are defined as any byproducts of field 
activities that are suspected or known to be contaminated with hazardous substances. These byproducts 
include such materials as decontamination solutions. disposable equipment. driling muds, well
development fluids, and spUl-contaminated materials and Personal Protection Equipment (PPE). 

The procedures for obtaining permits for Investigations of sites containing hazardous substances are not 
clearly defined at present. In the absence of a clear directive to the contrary by the EPA and the states, 
It must be assumed that hazardous wastes generated during field actMtJes wII raqWe compliance with 
Federal agency requirements for generation, storage, transportation, or disposal. In addition, there may 
be state regulations that govern the disposal action. This procedure exclusively describes the technical 
methods used to control contaminated materials. 

The plan documents for site activities must Include a description of control procedures for contaminated 
materials. This planning strategy must assess the type of contamination, estimate the amounts that 
would be produced. describe containment equipment and procedures. and delineate storage or disposal 
methods. As a general polley, It Is wise to select Investigation methods that minimize the generation of 
contaminated spoils. Handling and disposing of potentially hazardous materials can be dangerous and 
expensive. UntH sample analysis Is complete, It Is assumed that all produced materials are suspected 
of contamination from hazardous chemicals and require containment. 

5.5 Sources of Contaminated Materials and Containment Methods 

5.5.1 Decontamination Solutions 

All waste decontamination solutions and rinses must be assumed to contain the hazardous chamIcaIs 
associated with the site unless there are analytical or other data to the COI"Ib'ary. The wasta solution 
volumes coUd vary from a few gallons to several hundred gallons In cases whar8 large equipment 
required cI~nJng. 

Containerized wasta rinse soI.-Jons are best stored In 55-gaIIon drums (or equivalent conIalners) that-can 
be sealed und ..,.. dispolll at an approved faelly. Larger ecppmn such • bacIchoae and 
tractorI must be dacoIami8llld In an area provided with an lmpem .......... a liquid caI8ctIOn 
system. A decc:JntamNtJon .... for large equipment ccUd consist fi • banned c:a1Cf8te pad with • 
ftoor drain leading to • burled holding tank. 

5.5.2 Dilpouble equipment 

DIsposable aquIpmanI thai COlAd become contaminated during usa typically Includes PPE, rubber glOY8I, 
boots, broken sample COI'1IUlars. and cleanJng-wlpes. Thaee It.,. are smaI m:I can auIy be 
contained In 55-gaIIon duns with lids. These containers should be cIoeed at the and d each work day 
and upon project compIatlon to provide secure containment untI disposed. 

OIlIng II"" and WeII-DewIopment FIuIdI 

OrIIing muds and waklewlopmant ftulds are materials that may be used In grotnIwatar monIortng WIll 
installations. TheIr proper usa ccUd resUt In the surface accumUatlon fi conIamInatad liquids and muds 
that requn c:orann.n. The WJlumae fi driling muds and waII-c:levaIoprnart ftulds UIad dapand on wei 
diameter and dapIh. grotnIwatar ctaacterlstlcs, and geologic fomaatb.. . Thn are no sImPle 
mathematical formUas avalabla for accurately predicting these volumes. It Is best to rely on the 
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experience of reputable well drillers familiar with local conditions and the well Installation techniques 
selected. These Individuals should be able to estimate the sizes (or number) of containment structures 
required. Since guesswork Is Involved, it Is recommended that an slight excess of the estimated amount 
of containers required wit be available. 

Driling muds are mixed and stored In what Is commonly referred to as a mud pit. This mud pit consists 
of a suction section from which drilling mud Is withdrawn and pumped through hoses, down the drll pipe 
to the bit. and back up the hole to the settling section of the mud pit. In the setdlng section, the mud's 
velocity Is reduced by a screen and several flow-restriction devices, thereby allowing the well cuttings 
to settle out of the mud/fluid. 

The mud pit may be either portable above-ground tanks commonly made of steel (which Is preferred) 
or stationary In-ground pits as depicted In Attachment A. The above-ground tanks have a major 
advantage over the In-ground pits because the above-ground tanks Isolate the natural sols from the 
contaminated fluids within the drilling system. These tanks are also portable and can usually be cleaned 
easily. 

As the well Is drilled, the cuttings that accumulate in the settling section must be removed. This Is best 
done by shoveling them into drums or other similar containers. When the drilling Is complete, the 
contents of the above-ground tank are likewise shoveled or pumped Into drums, and the tank Is cleaned 
and made available for Its next use. 

" In-ground pits are used, they should not extend Into the natural water table. They shoUd also be lined 
with a bentonlte-cement mixture followed by a layer of flexible Impermeable material such as plastic 
sheeting. Of course, to maintain Its Impermeable seal, the lining material used woUd haw to be 
nonreactive with the wastes. An advantage of the In-ground pb Is that well cuttings do not nee B IllrIy 
haw to be removed periodically during drllng because the pit can be made deep enough to conIaIn 
them. Depending on site conditions, the In-ground pit may have to be totany excavated and refIIed with 
uncontaminated natural sols when the driling operation Is complete. 

When the above-groUnd tank or the fn.ground pit Is used, a F8III'V8 tank or pit should be located at tile 
de as a backup ayIt8m. for leaks, spIs. and ova1Iowa. In eIttw cue. surface drainage IhcUcI be such 
that any 8)(C8SS fluid coUd be COl iboled wIthn the Invnedlate area ci the drll site. 

The contahnert proced&n for weIkIweIopment fluids Is aImIIr to that for driling muds. The valume 
and weigtC d c:onIarnk1atad fluid wII be determllled by the rneIhod used for dfMlloprnert. When. new 
wells pumped or baled to produce clear water, subsIantIaIJy leis volume and weight of fluid r88Ut than 
when backwashlng or hIgh-YaIocIty jetting Is used. 

ioU Spil-Contamlnated ......... 

A spIJ Is always possible when containers ci liquids are opened or moved. Contaminated sorbefD and 
sola res~ from spIIs must be c:onIUIed. Small quantities d 1pII-contamInatad rnatartaII .. .-.Iy 
bell contUIed In dnna, whIe larger quandtIes can be placed In lined pIIa or In 0Ihar k'nperIMabIe 
structures. In IOm8 caaea. 0I1IIte ~ may not be feasible and lmmediate·trallIPOrt to an 
approved disposal 1ft. wi! be reqlkad. 

1.1 DIIpotaI of Con!!mJ ................ 

Actual disposal technIquea for c:onIarnk1atad materials are the same as those for any hazardous 
substance, that Is, incineration, Iandfllng. treatment. and 80 on. The problem centers aI'Ol.I1d the 
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assignment of responsibHIty for disposal. The responsibility must be determined and agreed upon by 
all involved parties before the field work stans. If the site owner or manager was Involved In activities 
that precipitated the Investigation. it seems reasonable to encourage his acceptance of the disposal 
obligation. In Instances where a responsible pany cannot be identified. this responslbHIty may fallon the 
public agency or private organization investigating the site. 

Another consideration In selecting disposal methods for contaminated materials Is whether the disposal 
can be Incorporated Into subsequent site cleanup activities. For example, If construction of a suitable 
onstte disposal structure is expected, contaminated materials generated during the Investigation should 
be stored at the site for disposal with other site materials. In this case, the Initial containment structures 
should be evaluated for use as long-term storage structures. Also, other site conditions such as drainage 
control. security, and soil type must be considered so that proper storage Is provided. If onslte storage 
is expected, then the containment structures should be specifically designed tor that purpose. 

~o REFERENCES 

Brown & Root Environmental: Standard Operating Procedure No. 4.33, Control of Contaminated 
Material. 
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1.0 PURPOSE 

The purpose of this procedure is to provide general reference information on Direct Push Technology 
(Opn. OPT is designed to collect soil. groundwater. and soil gas samples without using conventional 
drilling techniques. The advantage of using OPT over conventional drilling includes the generation of little 
or no drill cuttings. sampling in locations with difficult accessibility. reduced overhead clearance 
requirements. no fluid introduction during probing. and typical lower costs per sample than with 
conventional techniques. Disadvantages include a maximum penetration depth of approximately 15 to 40 
feet in dense soils (although it may be as much as 60 to 80 feet in certain types of geological 
environments). reduced capability of obtaining accurate water·level measurements. and the inability to 
install permanent groundwater monitoring wells. The methods and equipment described herein are for 
collection of surface and subsurface soil samples and groundwater samples. Soil gas sampling is 
discussed in SOP SA·2.4. 

2.0 SCOPE 

This procedure provides information on proper sampling equipment and techniques for OPT. Review of 
the information contained herein will facilitate planning of the field sampling effort by describing standard 
sampling techniques. The techniques described shall be followed whenever applicable. noting that site· 
specific conditions or project· specific plans may require adjustments in methodology. 

3.0 GLOSSARY 

Direct Push Technology (OPT)- OPT refers to sampling tools and sensors that are driven directly into the 
ground without the use of conventional drilling equipment OPT typically utilizes hydraulic pressure and/or 
percussion hammers to advance the sampling tools. A primary advantage of OPT over conventional 
drilling techniques is that OPT results in the generation of little or no Investigation derived waste. 

Geoprobe! - Geoprobee is a manufacturer of a hydraulically-powered. percussion/probing machines 
utilizing OPT to collect subsurface environmental samples. Geoprobee relies on a relatively small amount 
of static weight (vehicle) combined with percussion as the energy for advancement of a tool string. The 
Geoprobee equipment can be mounted in a multitude of vehicles for access to all types of environmental 
sles. 

HystoPunchlllll • HydroPunchTM Is a manufacturer of Slai1less steel and Teflone sampling tools that are 
capable of collecting representative groundwater and/or soil samples wiIhout requiring the installation of a 
groundwater monitoring well or conventional soil boring. HydroPunch TM is an example of OPT sampling 
equipment 

Flame Ionization Detector (FlO) - A portable instrument for the measurement of many combustible organic 
compounds and a few inorganic compounds in air at parts-per million levels. The basis for the detection is 
the ionization of gaseous species utilizing a flame as the energizing source. 

Photo lonization Detector (PIO) - A portable instrument for the measurement of many combustible organic 
compounds and a few inorganic compounds in air at parts-per million levels. The basis for the detection is 
the ionization of gaseous species utilizing ultraviolet radiation as the energizing source. 

4.0 RESPONSIBIlITIES 

Project Manager - The Project Manager is responsible for selecting and/or reviewing the appropriate OPT 
drilling procedure required to support the project objectives. 
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Field Operations Leader (FOLl· The FOL is primarily responsible for performing the OPT in accordance 
with the project· specific plan. 

5.0 SOIL SAMPLING PROCEDURES 

5.1 General 

The common methodology for the investigation of the vadose zone is soil boring drilling and soil sampling. 
However, drilling soil borings can be very expensive. Generally the advantage of OPT for subsurface soil 
sampling is the reduced cost of disposal of drilling cuttings and shorter sampling times. 

5.2 Samplinq Equipment 

Equipment needed for conducting OPT drilling for subsurface soil sampling includes, but is not limited to, 
the following: 

• Geoprobe- Sampling Kit 
• Cut·resistant gloves 
• 4·foot x 1.S·inch diameter macrocore sampler 
• Probe sampling adapters 
• Roto-hammer with 1.S-inch bit 
• Disposable acetate liners for soil macrocore sampler 
• Cast aluminum or steel drive points 
• Geoprobe- AT-660 Series Large Bore Soil Sampler, or equivalent 
• Standard decontamination equipment and solutions 

For health and safety equipment and procedures, follow the direction provided in the Safe Work Permit in 
Attachment 1, or the more detailed directions provided in the project's Health and Safety Plan. 

5.3 OPT Sampling Methodology 

There are several methods for the collection of sol samples using OPT drIIing. The most common 
method Is discussed In the following section. Variations of the following method may be conducted upon 
approval of the Project Manager in accordance with the project-speclftc plan. 

• Macrocore samplers fitted with detachable aluminum or steel drive points are driven into the ground 
using hydraulic pressure. If there Is concrete or pavement over a sampHng location. a Roto-hammer 
Is used to drln a minimum 1.S-inch diameter hole through the surface material. A Rota-hammer may 
also be used if very dense soils are encountered. 

• The sampler Is advanced continuously In 4·foot Intervals or less If desired. No soli CUIdngs are 
generated because the soil which is not collected in the sampler Is displaced within the formation. 

• The sampler is retracted from the hole, and the 4-foot continuous sample is removed from the outer 
coring tube. The sample is contained within an Inner acetate liner. 

• Attach the metal trough from the Geoprobe- Sampling Kit firmly to the tail gate of a vehicle. If a 
vehicle with a tail gate is not available. secure the trough on another suitable surface. 

• Place the acetate liner containing the soils in the trough. 
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While wearing cut-resistant gloves (constructed of leather or other suitable material). but the acetate 
liner through its entire length using the double-bladed knife that accompanies the Geoprobe e 
Sampling Kit. Then remove the strip of acetate from the trough to gain access to the collected soils. 
Do not attempt to cut the acetate liner while holding it in your hand. 

Field screen the sample with an FlO or PID. and observe/examine the sample (according to SOP GH· 
1.3). If appropriate. transfer the sample to sample bottles for laboratory analysis. If additional volume 
is required. push an additional boring adjacent to the first and composite/mix the same interval. Field 
compositing is usually not acceptable for sample requiring volatile organics analysis. 

Once sampling has been completed. the hole is backfilled with bentonite chips or bentonite cement 
grout. depending upon project requirements. Asphalt or concrete patch is used to cap holes through 
paved or concrete areas. All holes should be finished smooth to existing grade. 

In the event the direct push van/truck cannot be driven to a remote location or a sampling location with 
difficult accessibility. sampling probes may be advanced and sampled manually or with battery/electric 
operated equipment (e.g .. jack hammer). 

• Sampling equipment is decontaminated prior to collecting the next sample. 

6.0 GROUNDWATER SAMPLING PROCEDURES 

6.1 General 

The most common methodology for the investigation of groundwater is the installation and sampling of 
permanent monitoring wells. If only groundwater screening is required. the installation and sampling of 
temporary well points may be performed. The advantage of temporary well point installation using OPT is 
reduced cost due to no or minimal disposal of drilling cuttings and well construction materials. and shorter 
installationltimes sampling. 

Two disadvantages of OPT drilling for well point installation are: 

• In aquifers with low yields. well points may have to be sampled without purging or development. 
• If volume requirements are high. this method can be time consuming for low yield aquifers. 

6.2 Sampling Equipment 

Equipment needed for temporary well installation and sampling using OPT includes. but is not limited, to 
the following: 

• 2.foot x 1·inch diameter mill· slotted (0.005 to 0.02·inch) well point 
• Connecting rods 
• Roto-hammer with 1.S·inch bit 
• Mechanical jack 
• 1/4·inch 00 polyethylene bJbing 
• 31S.inch 00 polyethylene bJbing 
• Peristaltic pump 
• Standard decontamination equipment and solutions 
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6.3 OPT Temporary Well Point Installation and Sampling Methodology 

There are several methods for the installation and sampling of temporary well poirits using OPT. The 
most common methodology is discussed below. Variations of the following method may be conducted 
upon approval of the Project Manager in accordance with the project specific plan. 

• A 2-foot x 1-inch diameter mill-slotted (0.005 to 0.02-inch) well point attached to connecting rods is 
driven into the ground to the desired depth using a rotary electric hammer or other direct push drill rig. 
If there is concrete or pavement over a sampling location. a Roto-hammer or electric coring machine 
is used to drill a hole through the surface material. 

• The well point will be allowed to equilibrate for at least 15 minutes. after which a measurement of the 
static water level will be taken. The initial measurement of the water level will be used to assess the 
amount of water which is present in the well point and to determine the amount of silt and sand 
infiltration that may have occurred. 

• The well point will be developed using a peristaltic pump and polyethylene tubing to remove silt and 
sand which may have entered the well point. The well point is developed by inserting polyethylene 
tubing to the bottom of the well point and lifting and lowering the tubing slightly while the pump is 
operating. The pump will be operated at a maximum rate of approximately 2 liters per minute. After 
removal of sediment from the bottom of the well point. the well point will be vigorously pumped at 
maximum capacity until discharge water is visibly clear and no further sediments are being generated. 
Measurements of pH, specific conductance, temperature, and turbidity shall be recorded every 5 
minutes during the purging process. After two consistent readings of pH, specific conductance. 
temperature and turbidity (:I: 10 percent), the well may be sampled. 

• A sample will be collected using the peristaltic pump set at the same or reduced speed as during well 
development Samples (with the exception of the samples to be analyzed for volatile organic 
compoundS, VOCs) will be collected directly from the pump discharge. Sample containers for VOCs 
will be filled by (first shutting off the pump) crimping the discharge end of the sample tubing when 
filled. removing the inlet end of the sample tubing from the wen. suspending the inlet tubing above the 
vial, and allowing water to flU each vial by gravity flow. 

• Once the groundwater sample has been collected, the connecting rods and well point will be removed 
from the hole with the direct push rig hydraulics. The hole wiD be backfilled with bentonite chips or 
bentonite cement grout, depending upon prqect requirements. Asphalt or concrete patch wID be used 
to cap holes through paved or concrete areas. All holes will be finished smooth to existing grade. 

• In the event the direct push vanltruck caMOt be driven to a remote location or sampling location with 
diffICult acceSsibility, sampling probes may be advarICed and sampled manually or with 
battery/electric-operated equipment (e.g., jack hammer). 

• Decontaminate the equipment before moving to the next location. 

7.0 RECORDS 

A record of all field procedures, tests, and observations must be recorded in the field logbook, boring logs, 
and sample log sheets, as needed. Enlries should include all pertinent data regarding the investigation. 
The use of sketches and field landmarks will help to supplement the investigation and evaluation. 
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ATTACHMENT 1 
SAFE WORK PERMIT FOR OPT OPERATIONS 

Permit No. Date: TIme: From to 

SECTION I: General Job Scope 
I. Work limited to the following (description. area. equipment used): Monitoring well drilling and installation 

thrQugh dir~t Rush technologx 
II. Required Monitoring Instruments: 

III. Field Crew: 

IV. On-site Inspection conducted 0 Yes o No Initials of Inspector , 

TtNUS 
SECTION II: General Safety Requirements (To be filled in by permit issuer) 

V. Protective equ~ment required Respiratory equipment retjred 
level 0 level B 0 Full face APR Escape Pack 0 
level C 0 level A 0 Half face APR 0 SCBA 0 
Detailed on Reverse SKA-PAC SAR 0 Bottle Trailer 0 

Skid Rig 0 None 181 
level 0 Minimum Requirements: Sleeved shiO ~ng long gants ~i!fet:t footwear and wQrk glov~s. S~fet:t gla~~e~ 
h~rd hats and hearing grotectiQn will b~ wQrn wh~n wQrking n~S!r or sS!mgling in !he vi!:;init)! Qf th~ OPT rig. 

Modifications/Exceptions. 
VI. Chemicals of Concern Action level(s) Response Measures 

VII. Additional Safety Equipment/Procedures 
Hard-hat ............................... 181 Yes 0 No Hearing Protection (PlugsIMuffs) 181 Yes oNo 
Safety Glasses .................... 181 Yes 0 No Safety beltlharness 0 Yes 181 No 
ChemicaUsplash goggles ..... DYes 1m No Rallo 0 Yes 1m No 
Splash Shield ....................... o Yes 1m No Barricades 1m Yes oNo 
Splash suits/coveralls .......... DYes oNo Gloves (Type - )0 Yes oNO 
Steel. toe Work shoes or boots I8IYes oNo WortcJwarmjng regimen DYes DNo 
MocIficationslExce~ons: R~flective l!!!~lJ fg; high tre!!!i !W~I 

VIII. Pm:ecUe review with permit acceptors Yes NA Yes NA 
Safety showerJeyewash (location .. Use) ........... o B EInergeI tey alarms .................. -0 0 
Daly tal gate meetings ....................................... B 0 Evacuation routes ................... -0 0 
ConIrac:tIlIMIsJm,domentlPE!f: Ir:!soect~ , .. , 0 0 Assemblx ~ "111' '11" '" '"' 0 n 

IX. Site Preparation 
DYes oNo UtiIty Clearances obtained for areas of subsurface investigation 

PhysIcal hazards removed or blockaded oVes DNo 
Site control boundaries demarcated/signa!!! [JYes 0 No 

X. Equipment Preparation Yes NA 
Equipment drainedldepresswized ............................................................................................. 0 1m 
Eq&.ipment purged/cleaned ....................................................... - ............................................... 0 181 
IsoIadon checklisl completed ..................................................................................................... 0 181 
Electrical lockout requlredlfield switch tested ............................................................................ 0 181 
BlindslmisarlgOrnentslblocks .. bleeds In place ........................................................................ .0 1m 
HilUrdous !!li!lmiIll m! l!iIIIsIbehind I!:!SD 'msklered ... , .......... , ........ ,." .. , .. , .... , .... , ... ", .... , . ,·,0 181 

XI. AdcItionaI Permits required (Hot work. confined space enIry) ...... _-_ ................................ D Yes 0 No 
If t'!!! comoIete oermIt r!!J.uIred or contBCt Health ScIences. PiItsIuah Office 

XII. Spedal inSllUCtions. precaudons: 

Pennit Issued by: Pennil Accepted by: 
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